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kit la & fltea resoa^a« to ment esaentlal for plantf aad 
n«(3«atajr3r for 4oBt«sUa aa4 Inaustridl a9tiviti««» Ihe ah«olaea 
oo&pofltioo of ftlv v«ri«t bit •9S«ntiQlly i t i s <x>tSDoa9i of 
78j$ RitvoftDf 22^ OiQrg«Qt and th« r ^ t i s baianasd tor A^ gon* 
CavboA aioild«i watsr iK^urst and other gases* The air i s 
regularly being oontaaiiiated bgr several doisestlo and industrial 
aativitiM of man and this aontamination of air i s ^efe^red to 
as "Air Polliition"t vhilt the aontaainants aire jailed as 
pollutants* Air i s one of our natm^al resources whose qtumty 
must be pro tea ted* It vas believed in past that air i s l ialt* 
less and the oontaoinants put into i t go up and disappear 
soBSfwhere in the iride laut yonder* In faot* air i s a irery 
thin envelope around the e^rth» ii^ioh oan be aoapared vith the 
thio^est of an epple ^int eonsidering earth being represented 
by an ;^>pXe* 
leohnologiaal advanasneotst industrial rev^ l^utiont 
population ei^losionf urbaaiaation and aan*s aonstant striving 
for a highsr standard of living — all i^ve contributed to ^ e 
oreation of present air pollution problsou Tti9 ohotai^ fsl 
aoe^ounds eoitted into the atottsph^e from nan*s total aativities 
m^e the aabiant environaant imfit for the human bein?8 and 
the plants as v^l* Bovevert the enviroisaent avareness has 
inareastd for the last ao oony yeerst i^iioh has ne^sessiated to 
tGO&e qai«s steps in this direation to oaintain the environof^ nt 
and to ic^ove the quality of presant air* Xhe pollutants 
eooM fl«v«r« end toa^UiMt devastating dmfts« to ^c vegetation 
pa^tloiilttrly to th« oaraoiAtRtal and aooanBioaXiy lapoftaat 
plants* Xha p^nolpla toxloaatt rtdogniaad ff«r«reX years ago 
ai*e ipaoifla and tiapla aolaaulas «2ah as fXuorldaa* hjdros«i 
•alphld«ft ii]lpt»» dloxld«f nltpogan oxides and hydro cartons. 
2bese tojcLoents are also eaned as priamty toadaents* The 
ano^ier group of toxioants derived froA prlaary ones Is 
gttpposed ts be rather Dore noxloast for eavB^Xei o^one and 
o^dantf (inaludlng PAS). She BSDbers of seaond group are 
air borne and produoed as the result of oxidation of hydro* 
oarbons elthar \9 the reaction of oeone and olefins or the 
nitrogm oxides and hydrooarbons in the preseooe of sunlight. 
Ihe plants rsoaining eonstantly in polluted air absorb 
and aoouDBilate ^ e pollutants tihioh on their turn affeat ^ e 
Borphology and physiology of the plants* In ganeral* ths 
toxlo effect of a pollutant i s direotly related tn the funotion* 
ing of stoaatat eonaentration of pollutants and the time of 
exposure* ^toiiata eilov air to snter into the leaves* and to 
oarry pollutants alc^g vith i t vhiah oauses injury, h ^* 
relation esdsts between the extant of d<^ oage j&uoed by the 
pollutants and ^le aegree of opening of stoaata (I4ajernik & 
Hansfiildt I970| Biseoe et al,* 3973| and Bonte et al** 1077)• 
1!he effeots oaused by air pollutants on plants oan be 
elassified into tuo general oategorles t (a) visible eTfeats 
(b) invisible effects* ^sible effects aan be J^ urtbar 
olatalflM into ooutc eaA ohronlo injury, k>mtm injury resulti 
froa ^« jrapid ahaorptLon at abort t«fm •xposuse of the todo 
oonoentTAtionf of ^« pollatenta, Chronlo injury may b« Ught 
t3 a«7«P« end dcvaOLop; frcm aiQMisura of lov otmaaotnttiona of 
poUutanta OV«P an aztanded pariod of tiaa« Xtia iriait4o inju&es 
oaa ba raaogni4ad \9 tha foliar ayBptoBfttie naiv in-s Jovelopad 
on tha laavaa ar^ ea% d«aoribad aa ohioroalat naaroslat tip or 
adga bomingf fiaaiang» atipplingt tvonaing* gleuing* a i iwingt 
distortiont ourling and drying, on tha other handt inviailAe 
injury iiapliaa vith l^a intarf aranoa oeuaed t>y tha poXlutenta 
in physiologloal and MoohaoioeX prooaaaea tia«f photoaynthaaiaf 
raapiration and anajinatia aationa with uXtinata raduotion in 
tha grovth and yi^d of pXonta* Baotitiaa of tha different kinda 
of daaage inoluding foliar daa«ge» reduction in growth «%nd yiaOid 
of the aaonomioally iBq;K>rtant plantat eir pollution haa azjited 
aonaidaralila attantiont pertioularly in urhnn araaa and highly 
induatri&liaad aeotora in a nuDbar of oountriaa, Ihe invaaion 
of a^ioi^haria ragiona Isgr ohoaidftl lsgr«produata and a nuaheir of 
other oontaninanta hea alarmed tha aituation throughout the 
vorld aapeoially tha daveioping and the devAoped oountries, 
one of tha amjor aouroea of air poUuUon are pover plants, 
Zhe idaa aa to vhat eactant tha pover plants (Contribute toward a 
aouOng ^a air polluted i s gained tsr oonaidering that 375 m 
plantt burning only 30^ aulphor fuel oi l aedta annually about 
53t000f000 pounds of sulphur diojddet 19t000t000 pounds of 
nitrogen oxides and 900t000 pounda of partioulaAea* i t i s 
thought ttet oQlMS vaitly iaproirad ooatrol t«amoioglM &r« 
4tvtilop«d ana implied 19^  the ymur aooOt guXphur diosddt ioiaalafi 
viU. In9?«i8e fliro tlB«tt nitrogm oxldttg inigsion v i l l inarcage 
ttiTM to flv« tlasg annttaXljf and floltflon of pftrtlgulat* matt«rt 
itiXX iii<»r«M« norg than tow tolAg (FafarlMDt dk aaUUnot 3971) • 
Hov with thg above ao^untf a gtrong o&aa la w^9 for tha pvo* 
position that pollution la Boat iiQ>e7tant Halting faetor for 
tha nan and his Uosphara. 
Kaaping in viov tha orgeaay and ifl^ortmioe of tha 
sitaation whioh goaa on haoooiag al«nBlng» tiHa sita of Kaalopor 
hag beio giladtadf vhwa ona of tha aajor Iharaal Povw Statloiig 
of U*P« Ig tltiiatadf «ilttitti aontmiioagly various noxloug gaaag 
(poUtttanta) • aongt(|i«3tly affaoting tha an tire vagatation and 
tha living norld ag a vhola inoludlng mm* In tha praaant t& c^t 
I t hag ha€Q propogad to gtudjr tha traa gsowth in vtfL&tion to air 
pollntlM In ggngiralt go ag to find ant thoga gpaoiaa of plantg 
vhiah j ^ v vigoroniOy tmdap gnoh pollatlon gtragg* If tha praaant 
gtodsr gaaaeadg to aiqr axtant* i t I9 antioip^tad that suoh traag 
VQtAd te raaoosandgd to grov B»ra end nora» in and around «iah 
Povar Plantg or Indagtrlal alttg vl^oh %ould garva ag tnff ar 
gong* It ig hopadf ttiig attaopt wonld opan a nav ahtH>car in tha 
pollution ahatanant taa}»olog]r not only in India but tha entire 
nerld over« 
pommig MB mm wfngra 
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Sulplmv dioxide i s an l]i^ >orteiit ajLr pollutant end found 
in ga0«oaa form In tho atE»3spheP9« It ig normally present m 
«sall (laentltles vhlah are produoed Q« the result of blologijca 
osddation of sulphides* \^m nm aggregated into large vsltiea 
and used open ooel fires for oooking and varethf ososesaiire and 
often hanaful (|aentitles of sulphttr diosdde w«re relented into 
the surrovDidlng ataosphere* In the dying deaad^s of nineteenth 
eentury« the oondition of the atoosphere started deteriorating 
with the ad'Tent of aselter faotorles and power plants* I3ie 
«ffluents oaltting from tho into the atsosohcre aaused heavy 
dosage to the surrounding ve::etatlon as ueil as influenoed 
hmen and aoiisfll health odwseiy. 
Coal burning has long been reeognijed as a aa^r 
oontributor and found to be responsive for soae GOf> of sulphur 
dioxide pollution (.^ hrman & Luduigy 1965)* It i s well 
established that tf&elters release ctaslBUR eoount of sulphur 
dioxide into the atoosphere* Kata (3d6D gumiaarised the toted 
sulphur dio]dde QDlsslon on the iiiorld vide basis and estimated 
that 11 to 12 tons of sulphur dio:dde vas released from copper 
tfaeltears and 3*5 tons fiom lead and sine aaelters* Sulphur 
dioxide Is actually produced during the oombuation of nenrly all 
^ e fu^s used in industrial and domestia aotin! ties beaauae 
sulphur i s found as an impurit;y in joal and fuel oi ls whioh 
through ooabustion enters into t^e atmosphere in the forci of 
sulphur dioxldet sulphurous aoid» sulphuric aaid and various 
sulphates (Ihomas* 1981) • 
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A p«ni«fll of Utiiratu7« rtvtela tbet durlag th« xaft 
hnndPtd and fiftr y^tf ct a lot of Intoraatlons kias aoounaatcd 
rtgwding tbt ^faotfl of stilplmr dioxtda on diff«fnt aapMist 
^n««fiiiiig tha plentt and pXaat parts* In faatt tht injuriaa 
oauaad bgr solphar dioxld* to tSia plants hava a longar rasaaroh 
Mstoyy than any othap poUutant* It has Itaco astataithad that 
this gas i s vsvy toieta t» tha plants tadar tha natural ataos* 
phsrio conditionst as wall as in tha fiaigation a^ariaants 
parforiMd W diffarsnt vDrkars froa tlaa to tina* Highar 
aonaantration of soXphur dioxlda ra^ilts in foliar daaaga and 
raduoilon in growth and yisld of tha plants with or without 
visiU.* injury* 
Tb.9 prinoipla avsnua of mtrf of gas into tha laa^as is 
stoaata (Ma4«niik ft Hansfi«ldt IdTDf Bisooa at al«t ld7a| and 
Banta at al»t 2977) § baaauss in tha prasenaa of sulphur dioxlda 
stoaata stop thair alosing saohanisa and thas» alloving tha gas 
to antar into tha laavas* For tha sa^a of aonvanianost Xhoaas 
(3062) wt^orisad tha injorias aeusad W sulphur dioxlda into 
tuo lQrp«t tia*t aottta injury and dhronia injury* 
ails type of injury i s oausad by ax^ sass abaspption of 
sulptair dioxlda t^ tha laavas vhan asposad to hi#i aon^antration* 
vhi(^ gats aaJOBulatad in tha form of sulphata or sulphur 
oontants (annas & Bill* IdaSf Ihoaast 19S1| ISioaaa ft Hccdrio^ a* 
19d6| Sliifhf 3d70| MftJifRslk St HtDgriiild* IdTOf Lton* & Br«)i»a, 
19731 QiaplMkav & SttPlitori, 2d74| and sidfan & Singh, 1077). As 
ft vwnatt tii« iMsophom oilXs AillapM fontiag nsarotld or dMd 
artaa tottvMR th« t«liiat vbioh at first h»ipt a doU g^ Mn aeloup 
or water loa^od fl9P«ar«iao» and latar oat as tha rasult of dry* 
ingf tbM affaated araas laaaah ts an lirory ooXoor, It i s 
bao^afad that oUloropXast mamteaaa teaaxg dow and tha Kotoplast 
baoonas pla«Bolysad or laaaohad (Costonlst 197X| ah^phakar 4 
Karbharlf 1874| and Uhrlng» 2978)« 
In graasat (Bwadlat & Braent a965| Br«inan & l i a U ^ t 
29?D| BfOX St Cloughf 2 9 ^ end OovUng St Loatsyart 1976) and In 
plnas (KarpiOt IdTOf Btnryt IdTXf and ^barts, 1976) tha point 
of ftttft^ of sttlphiir diozlda i s tha tip of tha follaga vhioh 
baooaaa raddish teoin and than naorotla» in oontrast to the 
teoadwlaavad plants vhara tha aytsp^JM B»y appear on any part 
of tha lta«a«« 
aus t/p« of in|ury in<iluda« tha y^lovlng of tha Imwa 
vhioh Dsy prograas sXonly untlu aost of ^ a ohiorophyU and 
oarotflooids ar« dtstroyad and tha intarvalnei araas baaaeia 
nearly whita. Af tar attaining this stagat tha laaTos ara 
ganarmiy absoisad* This typa of injury i s oatisad by slow 
absorption of an aoount of gas aomewhet insoffidiant to anuse 
aonta injury or i t oay ba oansad by absorption of a 3ub»lethal 
8B»unt of gas 0V& a long pariod of tlaa (Xhoaast 1951$ and 
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Thotmg & Hmdvlokat ld56}« Th* aftln cn^ptoa of thit injury la 
oiaojrostt l«r vhiah th« X«etf«s «lth«r b«40B« y«U.ov or vhitt* 
8ttli>httv 4ioxld« haa elm h^m Ptporud to oauoo injury 
to thi vopvo^otlvo ttruota;«0» mA to inhlMto tho grovtfa of 
polXtti tttte* KaU (]9dd) found that th« garalfiation of plno 
polXm grains vat inhlMtad vhan aipoaad to sulphur <Iioxld« at 
aoo ppm in tba funlgation •^poriamts* Ha also obsarTtd sosa 
BBViKiAgs on flovavs aii^sad to high oonoantrations of sulphur 
dloxlda whwsas tbs laavas w savsriELy neorosad, l« i iy«a & 
Arlkado C1970) raportad that im ppffi of solphur dioidda a^osura 
rasultad injury to tita floral ai ls and petals In tulip plants* 
aaduation in floral naight and nisabar of flovars in Patunia» 
Bigioniaf and anapdragon has baan raportad iv Adadipa at al , 
(1978) i vhsn a^osad to 400 ppm of solphur dloxida for 2 hours. 
Pollan tuba slongation in lAiUW *^*"'^ '^***— (Hasaru at al«»lD76) 
and Cradasahsntla 8p« (Tai»Hsiu 4 Khant 3973} has baan raportad 
to ba inhibltad by siHphur dloxida a^posura at highar oonasntra* 
tions. Sha inhltdtory tff aat of sulphur dioxlda on pollsii tuba 
grovth i s prasunably rasultad from physiologidtil dlstui^ banoas 
and desnga to ohro»3sas of both ganarativa and tuba nuolal 
aon^lnad in pollsn tubas (la^Hslu & Khant 1976} • 
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emphur <iiozia« gaa 8nt«rs into tht leaves through 
stoBfita sntf passes into the intwoilliaar gp&a^a of ae^phgrll 
o i l l t (IbMMitt t« tl*t 2960| Mftjflamik & M«Bsfi«Idt SdTDf Bls«>« 
• t 8l*t 3973| end Bout* et fll«t 3977) • «li«r# I t 3(>B«S in th« 
oontAOt of o«ll iialls of tilM tfirroundlng tiiiuM and aoaMnot 
vith imUBt to fo9B «iIphittroa« aold and sulpha ^ t and thust 
Qflnsas in Jury* Ihoaas & SUl (3037) oarriad oat laaf snaiysis 
of ftttigatad plants of slfalfa and ol^arvad a oonsldaral^a 
Inoraasa in sulphur son ten ts* ThiQr also rsportad that sulphur 
oontsots of tha laavas when m>proaahad 2i aora than that of 
oontrol plant St tha laavas baaaaa ^Horotia and soon stoppad 
funationing* Lsoaa dk Brsman (3972) obsvvad in toiiato and 
lolbaoao plflots that ths aaaunulation of sulphur sontonts in tha 
laavas oaosad iii4u^ during funigation sa^sriBsnts whan tha 
plants vara provided vith sulphur though tha soil« It was 
baoausa of inoraasad sulphur aoaunulation in tha laavest 
absorbad fron tha toil as vail as from tha atiaosphwia sulphur 
dioxida* 
Up injury of naadlas in %fhita pina (Cos^»ist 3d71| and 
^bartSf 3976) and «>ruoa (Jaaga^t 3976) in tha presanaa of 
sulphur dioidda has baan raaognisad as naorosist oausad due «D 
tha aoouBulation of appraoiabla aaotmt of sulphur son tents* 
^hi^ hs^ar ikKarbhari (3974) reported injury in HUftttUigt 
l^ v^aMHMi and qra^ Mandra Sp« due to tih» aoouKilation of sulphur 
ID 
dioxLda* Stdhtt A Singh (2977) aad« a mrvfior of waphttr 4i03d4« 
(I«aag0 in tht vlainitgr of hinimf Bo&rd Mint ^^^^ r«v«alod 
tliat 4«isg« of teXfum fir (jyttll JttflttPt ^^^^ ^ M M CPiaa^ 
ttCiUQ^* f^^ *^ *^ <>^  (SflHOS ii«pygif»^ and f»d suae (A«yg 
hiilffM> vftf alio aua to an inortataii ataphor aontanta in ^ a 
foUagtf vhioh vaa alioat 4B • 307^ aora l^an tiha pxanta growing 
in aulphur 4io:idl4# fraa fRViroooMnt* 
Af t « going tlirough tha ateva oitad obsanpationa i t 
baooaas qoita afidant that aaaianlfttion of suXplwr aontanta in 
tha laeivaa ia aa^aaJiy raaponaitaa to aaaaa injury* 3haaa 
faots giva an idaa of aosa ao«ir«Lation baing axiating batwam 
tha nuBgMv of atoaata par tmit araa and tha dagraa of injury* 
Aa fav aa tha peasant atata of s^noidLadga goaat i t aaama that 
vary Xittla work haa baon dona aa far on thia a«paot* An 
intaraating atudjr in l^a light naa aada W taxdymA it Arikado 
(1970) f nho donaatratad t ^ t laaf» patala and floral axis of 
talip plantt gat injorad in daaoanding mmnve whan axpo««d to 
100 pptt of sttlphur dif>jel4a« High aoaoiptibiiity of laavas than 
floral ajda vaa doa to tha praawoa of graatar nuBbar of 
atooata par unit araa ooA hanoat high aulphor oontanta sould 
aoauiBulata in thim throu^ abaorption than that of floral aada* 
Sharma & Butlar (3973» ]978) la J& f^ftina* xsutti A I* 
Hy^ a^w^ fc and sharaa ft lyr^^ (1973) in Tilfnilfllil^ *** Jlxeaslllaft* 
hava oonaluaitr^Ly infarrad that with tha inoraaaa in dagraa 
u 
of ^oXXatloiif nuBbtar of s^snato pme unit ajp«a d«3r«R««g la 
X9&999 vttlah •oesMi to b« ^M obirlotts ad^Utlon agalntt 
furlottg peUutaots* It oasr rtduat th« «XUB« of noxLoua £&••• 
wtvUif mtD tAm 1«AV»« ^ODugl) th«D mid tbwcf:>r«« p«rfon» 
iAg protMtlon moohttniaD o^ftlBtt ^M poXltttants* 
Inar«M«d solphar oontmtt of th« l«tiv«a ava txpaatad 
t9 p]fovld« a n«Muv« of tlM dagrM of l«af damaga OQ4 an indaoc 
of air pollution* A (pontltaUva r«latloQt ttiaraforat axlata 
batva^a ^a totei iodraaaad aulphuir aontanta of tha iaairaa end 
tha dagraa of Injory* But aoaii ia not aHvagra tha oaaa* If a 
plant ia amphnr dafiaiantt than ttia aipoaisra of aulphitf dioxlda 
and ttaamuXation of am^niF ^mtanta vLXX ba good anough for 
tba battar gpovth (Slnfiht 3070)* In tha raoant paat a r^ary 
intafaating j^ aport hag bean brought in light tqr Jaagar A Klain 
(2977)t vho raportad that lov aonaaotofationa of aulphnr dioxida 
funigaticMt saaultad in tha inoraaaa of golphuv aontanta in tha 
Xaavat of pan planta wLthout any viaitla injtiry. Hovavart if 
high aonaantvationa of aul^ hur dioadda vara uaadt planta 
aa^bitad laaf injusy at tha «M&a aaaunalation of auiphor 
Qontanta* 
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A mmhvs of gaggMtlons have b«»n aad* rcgtraiog th« 
BdahanlMi of maphxr dioxlil« Injury* lh« MrU«st report i s 
of BfluHOUioff A LiQdau (3903) • nbo aasmed timt iulphiir diozia« 
ODiataiaM v l ^ aont aofl^ poandt «a<^ i a« a3ld<ivd«t and mgarg In 
tii# l«8V«t foVBdng 8«ooBd«ry produat^t vhlab art aadoB^ «)Of«d as 
the r««ilt of osidatioa into ftHphorous and mlphtirio aoidt in 
th« plant o«3.Xt «n4 thutf 9aut«s injtiry* Iha aaohttii«B ia 
iiov»ir«rt partly aorraat bao^ sxta injury daa to a quantity of 
gat to tha planta «&• graatar in tha i^rning than in the af t«r« 
aooat y^m augar oontants vara iovar* presming that oarbohydrataa 
taava iOBa protaating aff aota to tha laavaa against sulphur 
dloxida injury (Ihoiaaat 3961) • Xha saaa aaahoniaa has also 
toaan daocmatratad by WUhaln (2d76}, 
Hoads (1929) sogtiestad tttat sulphur dioadda inaativatas 
tha iron in tha ohlaroplasttt «iusing intarf^cnoa in i t s 
oatalytio propartiaa* Ihis intarfaranoa vas baiiavadl to prooota 
saoonde^y proaassM i«hi^ Isroka dow tha ohlorophyll and lOllad 
tha otflls* Latar ont fiarrias (2933) raportad i ^ t sulphur 
diosBLda oautad aouta injury vh i^ oould ha dia9>nisad ty m 
inaraeaad pinaaphytin oontants ia in^ u^rad araas of tha afraotad 
laavat* Aotually total aaidity aousad by ^a gas splits 
nagnasiai fron ohlorophyll rasulting in tha foi^oation of 
phaaophytittt vhioh gats aoouBKaatad at tha axpsnso of ohloroohyii 
and tiiusfoausas ahlorosis* 
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BUtftfldfile (3^2) attributed tht tozLa natur* of th« 
folphar dioxtda to Its reduolng propart^ t postulating that 
thors ailsts soms •^dliteitn batvooo scaphydryl grotQ>s and 
solphitas (oxldiaad sulphur aoiiQ»ounds) and any imbalanje in 
this a^Ulibriua is rasponsible to oauss injury* Is suggsstsd 
tt^t sulphur dioxids rsduosd ths sulphitas to sulphydryl 
groups oausing an aoauenilation uf ths lattsr* resulting in an 
iabelanqt in thair ratio end thust oausing injury to tha plant. 
M 
It h&« been r^portod vo^louflaj tiiat sulphur (Uo3dd« gag 
nK&es i t s adverse infXuonad oa aiTfersnt suyoatla aativitles 
(Bellantrne* 3973$ and aaba dt Kiraabf 3076) end theraforat i t 
would obviously afi'aat tba pbysiology and metabolic aotivitLas 
of tha plants* It i s obsarvad by sevarai voi^ isors (Thonas & 
Hillf :^37| KatSf 3939$ Oostonis* 3071$ B«L1 & Jlough, 3973$ 
ahapb«car ft Karbberlt 3974$ Qardniff ft oraondt 3976$ and Ohring* 
3978) timt sulphu? dioxLda gas oausas daaaga of ^jhloroplast 
and tbast raduoas tha rata of photosynthesis* Thnaas <!k Hill 
(3937) fiportad that net loss in photosynthesis ooaurred in 
alfaifai vhenavar hl#i oonaentrations of sulphur dioxide vara 
given to tha plants under fumigation astpariaents* Actually 
h i ^ Usages of sulphur dioiEida raduoad tha ahlo?ophyll oontent 
and produoad eeuta visible injury to tha lanvas* ihaj^  proposed 
that raduoad rata of photosynthesis VAS parallel with tha 
raduaad oaount of funotionai leaf area« It was later on 
oonfimad by Ilat4 (393B)t vho also reported t^at h i ^ eonoan* 
tration of sulphur dioxide reduaad the rate of photosynthesis 
vhioh was direotly related to tha extent of leaf daoage. 
Iianiyana ft Arikado (397D) observed that tha photosynthetio rates 
of rape md barley j^as narkadly daaraasad uith an inareased 
aonsentrations of sulphur diozl<ia and duration of e^q^suret 
vhioh oould eause aoute injury on t^e leaves, ieduation in the 
rate of photosynthesis wi^ inareasad aonaoitrations of sulphur 
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dioxldt tei alto baen ropovtad In ry grats (B«U & GXoughf 
2973) sBd Pttoaia (Uhrlngt 3978) # r«a.at«d vl^k visible Injury 
on th« X«av«g» Dtortetctd ret* of photossmthtttla hft« bdtn 
fOisi4 to bo aot]|»l«d vlth lnor«e««d rata of r«^lr&tlon« 
2)6 
It l i a vdX Imow fo9t that suli^ hor dloxLde injures the 
plent tistaes vhloh ultioatedy oaus«s a ^eduation in the srovth 
and total produati^tsr of the planttf imd the degree of reduat-
loQ i s direatly propovtiooal to tlie aaount of leaf destruation. 
HolBM at al« <19£5) %Mle nor'sing on barXas^  ve^a the fir at to 
•fltahlii^ a oo«retLation between the leaf doaage and reduced 
yield* XhCQT rapof ted that the ftaaigation of the planta wi^ 
aulphur dioxide oaased 60^ deoiage of the foliage vith the result 
the stalki ¥«pa short and heads vara soalle iripaning was delayej 
and the yield vas redUvsed to 45^ « Furthwrt they reported that 
there votad be no reJuation in the yield of barley ii the plants 
shoved no visible injury, HiU & Ihoe^s (1033) fuiBigated 
alfalfa vith sulphur dioside ond found that the loss in ylold 
vma iireotly proportional to the aaioisit of lenf destruation* 
same fact has also bean deaonstrated by Swain & Johnson (2^36) 
and BrisliQr & Jones (3@50) in the ^sa of vheat plants* 
Brislsy & Jones (1050) reported that 6o^ of tho leaf nrea 
destruation fcy sulphur dioxide resulted 64jl yield reduation 
in vheat than the plants groim in oontrol. KatJi (1949) 
reported that orop yiaids vers not signifiJf^ntly reduced by 
sulphur dioxide until ©nd unless S^ of laaf a ©a was visibly 
injured* 
Die reduation in yield i s ooupled with the reduction 
In growth whioh may or may not be related to the leaf injury 
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diponding on the time of eitposure said aonaentratlon of the crfts, 
iUledipe et al, (3072) leepofftta that es^ poaure of aiaior^a^ 
?^ta^6, BoA ^eoaga^n to 40 pptm of etaphur lioxLde for two 
haurs reaoltea 1Q the deTOlopaent of nea '^osia on the lea^g 
aottpled with the supp>res8lon of ^joot girowth in i«igth. Ben 
& Plough (1073) obs^vod that the pXente of i^ ye gj^ aaa vere 
floeller in 8l«e and ahlo»>tia viW% 40% less i^ot d.*y weights 
vheo grown In t^e atsioephere oon^Lining sulphur dioxide in 
ooe^arleon ta ttija9 plants gi?own in 9ont?ol» i:hese reeponeeg 
of rye grass to artlflalal ei^osu^e of this pollutant were also 
dcDonatvated \3^ Oowling & Loaisy^ (3976)# but on the otlnmf handf 
tht^ reported that wtlphuv deflolent plants have shown donslder* 
al>le Inorease in yl^d at the gaoe ea^sure time nnd oonaentra* 
tion. 
In oontrast to the above obsertatlonst Quderi^ i^ & 
StratDeim (3962) however* reported that plant oP^ wth was 
reduced without visible Injury on the leaves when exposed to 
sulphut? dloside* let In another work Ungey et al . (1971) 
observed that growth and yi^d of radish plants* exposed to low 
oonsS^atratlons of sulphur dioaslde waire si^ifiaently r^ujed 
to about 63^ without visible injury than the a^ntrol plants* 
Furthei?* ^MTj also reported oonsiderable ri^u^tion in plant 
fresh welghtf leaf and root fresh weights in exposed plnnts* 
Initial d4^ession in the gx^ owth rate and i*9duaed yield in 
duouweed plants caused by exposure of low gonaentrati )n3 of 
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solphiur dio3d4« vithout pvotpoking viaitle In^ws^y ba* bemi 
B«8l(l98 aQgioiQ)0rDai th« «fff «at of sulphur dioxldt on 
^0 grovth of oonifsrs has sl9o b«€n obstt^ ved 1^  dli^ ei'ODt 
workers* Lath« & HsdXellm (3939) stiidlad th« «ff «at of sulphur 
dio:dde on th« growth of y«llov pino anJ dougXag f ir , using tho 
lnor«amt of diamotor at oritoria* llhtgr found that growth wt^ s 
aarttadly veduoed If leaf burning &DA d«roliation was oomoon* 
Ihe relation between needle daiaage and growth r#iua ion in 
aonifttrs due to sulphur dioxide was aonfiiaed by Kats (1052)« 
Seheffer d Hedgeeook (30S5) reported grow^ of alpine fir* 
douglas fir end ponderosa pine was oost seriously retarded in 
tenis of height0 whenever nearosis on the needles w s^ the?e« 
Xhe saae reduction in growth has bean observed i^ .ioberts ilBTQ) 
in white pine (Fioas ^trobas) ooupled with needle destruction* 
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Adapted f?aQ Thomas & Hendrlo^St 1956 
Ihe most ostenslva studios tts detexmlne the sensiti^ty 
of 300 flpeaies end t^arities of plants to sulptmr dioxide were 
aonduated at the tewioEai ^Melting end defining Agrijulturea 
Station* Sensitivitl^ of ^ e oore ooaaon of these spe.^ies* '^ nd 
additional natiire plantst e?e presented in the given tntae 1. 
The relative sensitivity i s aonpared ^ th alfalfa* the nost 
sensitive speaies whioh i s given a velue of 1*0 • Higher 
nvoabers are representing Inare^sing resiatinae of the plants* 
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%<lJN>gin n.Qori(l« i s •«>Xv«S from the iiKtastriaX plants 
maimf&atariiig aetolSf si^spphosphates and ^er&aiaa* It i s 
derivod from the tXnx»9 or i&^uriU^s prssast in the Tmr trntmelt^a 
used in these faa^rios* Ihe aisount of gas released into the 
ataosphere depends on the aoaposition of raw aaterir^Xs. It has 
besn reported that oA^r siaoiint of this g s^ i s jontributod in 
the atBo«)here from eXuDiniuB industries (Ihoaasf 1961} mA 
ireshovf 1970)* Cholak (31982) and 3burangean et el* (1977) 
attritaated fluoride in 1 ^ atmo inhere ^ the horning of aoai at 
X«os Angeles ^ea« California* 
IMs gas espprnxs to be very toxio to the plants and plont 
parts as veil as to the enioals* Intensive WDJ?k has been done 
on ^ils gas oonaeming i t s eff#Jts on various plants espealally 
on foliaget and a l i t t l e on g?ovth and yield* It has bo«n 
reported that ^ e forage gloving in fluoride oontaining atoos* 
pherOf absorbs oonglderable ssaount of fluoride without nxiy 
apparent lesion on the leaves (ISK i^ast 1951)* llo%Kivert i^en 
aattles and sheeps food the fluoride oontaining leaves ^or a 
oonsiderably long timet theg? stert suffering from fluorosis 
ittmma,99 19611 and ^^ ao & Palt 1973)* 
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FoXiaa* ttoouaulatlon of hydrogao flttt>fid» t 
I^ drogOQ fXuoriaa hag been uwuOLly found to be Absorbed 
through the stomata, Hovtverf It oay aieo be adaorbed by the 
i3pper sixrfaee of the leaves (Jaaobeon et al«» 3966), The ateon* 
pheria fluoride passes into the InteroelXuXaf spaces of the 
mesophyll o«llfl and ttien translooated through vasoular tissues 
to ths tips and margins of ^ e Xeavest i^ere It gets aoauoulated 
and oausas Injury* Ihe absorption of hydrogen fluoi'lde gas by 
the plants has reoently been oonfirmed by Bennett St fiUi (197^« 
while wrklng on alfalfa aenopy thsy reported that the oonaen-
tratLon of hydrogen fluoride above 40 sn of ground level \fas 
48 pphn uhlls It \r^s reduaed to 10 pphn above the soil* 
It i s nov v«ll established that fluoride i s oonduoted 
tovards leaf eztrvaltles and gets aeounulated there. In this 
light i^Boarmen & Hltoheoek (1956) vera the first to show that 
the tip of gladiolus leaves oontained 25 to 100 times as muoh 
fluoride as the basal part* The s^ae fact has also been 
dCDonstrated in beent toaato and tobaoco (De Cormis at al»t 
1970) t in alfalfa (Bsnnett & HlUt 3973) t <^nd in forage 
(Isra^y 1977)• Ihere i s only a l i t t l e translocation of 
fluoride in the plant parts other than leaves (Daines et al«» 
1952). They also r^orted that the margins of the leaves in 
fruit trees may be 2 to 3D times as high in fluoride as the 
portions adjao^it to the mid rib* It has also been found that 
fluoride i s translooated towards the leaves only and not to the 
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stasa or rootg* How»v«rf outer bark of th« stea %rhloh r«Balns 
in dlrsot aontaot of atoo^herio floorid«t absorbs a l i t t l e 
anount of i t direotly as raported by llhorma (1951) Bua 
Braaamaon A liadaiZoff (1954)« iimtaeman & Hitaboak <19d6) also 
raportad tb^t toaa1x> leaves oontainad about 26 tlaes as muoh 
fluoride as the stems and 10 times as nuoh as rootsi reflaoting 
light on the faot that fluoride i s absorbed and aaauaulated in 
the leaves only* Later ont Brever et al« (3d6o} reported the 
satae oase in the leaves of fumigated orange trees* ^ere the 
leaves oontalned 230 ppa of fluoride while twigs oontained only 
28 ppii« Ihis faot has also been oonfirmed by HoCune et al« 
(1965) Bannett & Hill (1973) and Israal (1977) . 
Leone et al» (1943) hDvevert daoonstrated in peach* 
tomato end tobaaao* that if soluble fluoride i s absorbed through 
the roots from the soil* both roots and leaves were i^ ish in 
fluoride* Ledbetter et al* (I960) lAiile working on tomato* 
reported that the ohloroplasts are the major sites of fluoride 
aooumulation* Later on* i t was oonfirmed by Chang & Ihos^son 
(1966)* who reported that ohloroplasts of citrus leaves contained 
about 60^ of the total fluoride absorbed by the leaves* However* 
both sides of lee^ves have also sho« appreoiable amount of 
fluoride* aooianulated in the cell walls* nuclei and aytoplatfi 
of the oeils situated at the tips and margins of the leaves* 
The acoumulation of fluoride in the ohloroplasts of mai^ e leaves 
under fumigation espcffiments* caused the inhibition of i t s 
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funotlooing and finally i t s aaioage (Lhoste & Qar7««t 1978)* 
Karon & Hathe (1976) also studied tha fluoridt aoousmlati^n 
m popular Itaves ond shoved the chlorophyll damage* iHiloh was 
about 30% in Qoaq^ arison to the normal leaves of untreated 
plants* The migration and acouiBulation of the absorbed 
fluoride at the tips sod margins of the leaves and i t s damag-
ing attack on ohloroplasts in the leaves of different plants* 
offers an partial e]Q)laaation to the toxloity of this pollutant* 
She donoentrations of fluoride needed to omise injury 
depends on various faotors vis** rate of ao^umulation* qieolesf 
variety* stage of growth and environmental aondltions (Division 
et el*f 19730* Benedlat et el* (1965) rsported that alfalfa 
plants fumigated in dark* absorbed slgnifloantly less snount of 
fluoride in oomperison to those plants futalgated at diy time 
and ther#l]y* suggesting that in the preaenae of light fluoride 
aoousmlatlon i s enhaneed* Oe Cormis (1968) and Less et al«(1974) 
while working on tobaooo and peremiial ryegrass observed that 
inoreased humidity thought about two fold inorease in fluoride 
Qonooatration and therefore* olaimed that this faotor plays m 
Important role in the aeoisailation of fluoride in the leaves* 
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Iht inlury oaused l^ n.uo?ld© i s loofiliMd priaoplly on 
tho loaves* Bi%m9m$ sptptooatia marislngg of injury dut to 
fluoifido hftvt aXao bae» i*«po?t«d on tht fruits* F20v«rs ars 
highly rssictimt and rarely injured* Injury on t^s petals of 
flov«rs has bean reported in fev oasesi vhen ehe plants v^e 
exposed to ve^ high oonaentrations of fluoride e»g* petimia 
(Ibomas ^ Hendri^st 2936) and gladiolus (3pi«?ingt 1969)* 
Ihe lesions produced bar fli«>ride on tlie leaves are 
looaiiaed or oonfined to the tips and margins of the leaves 
and are de^iribed as ohlorosiSf saorohing md nearosis* E^he 
injury aensed by fluoride sosietises leads to the abscission 
of the leaives* Aatuany atoospheria fluoride enters into the 
leaves throu^ stotaatat gets aemsmilated et their tips and 
margins end l^ust eauses lo^^Oiaod injury of poouUar ^pear* 
enoe* Tt» tips and margins of the leaves first heooae yellov 
or ahlorotie folloved by grey water soaiced appear ana e. Ihis 
stage i s sailed as eeorching and i s boiieved to be the initial 
sign of leaf injury* She tissues of affeeted areas turr light 
to dark broiA in oelour witto thm progress of tine nnd eioaiiaula-. 
tion of tozlo amount of fluoride* Soon t^e affected area 
bodomes neorotia* Later oUt a #iarply d^ined narrow reddish 
broiA besid of daaaroation develops ifi between healtl^ and 
afJ e^eted portions of the leaves* After sometimes the nearotia 
porUons of ^ e leaves fall off t leaving an apparenOy undamagod 
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portion roaalning attaohed to the plaots (de Ons» ld46| Leone 
et el* » 1948| Miller et al,» }d4S| A^ tems et e l . t 1052; M(^ull7 
& IJewaan, 2987; Baoedlot et al»t 2S6B% Spierlng, 1969; De Cornla 
et e l , , 197D| Dlvision et a l , , 2973; Less et a l . . 1974; and 
Maaiean et el«, 0977). It haa aleo been accepted widely that 
young leaves of the sensitive plants are most susceptlable vlillo 
older leaves are oost tolerant* 
Ihe Injured leaves of fruit trees are easily shed, 
i^Bmerman (1949) reported that If half of the leaves on a tree 
are Injured by fluoride, ebaalsslon may be as h l ^ as 25 to 50jl* 
IMs Is true In the ease of apple, eprloot, plum, prune, and 
peaoh leaves (Haselhoff & Llndau, 1903; de Ong, 1946; Leone et ia« 
1948; and llUler et al«, 1948)* Brewer et al, (I960) observed 
that oldei? leaves of fruit trees were tolerant while young leaves 
were ctost sensitive to fluoride exposure and aoaimulated a 
Qonslderable tosdo aoount of fluoride* Ihe sacie i s also true 
for the pine needles* as reported by Adams et al* (2952), \4iere 
It has been show that young needles of P* ponderosa developed 
yellow tips whloh eollepsed, turned reddish, brown and ultloi^tely 
got neorotla* 2iie affeoted needles were also shox^ tened to one 
fourth of their normal length and shed earlier l.e* within 3ne 
or tiio years Instead of persisting for five or six years. 
aolberg et al* (1955) oonduoted detailed hlstologlaal 
studies on the effeot of fluoride on ponderosa pine needles 
27 
and raport«d that fplderiBiflt hypodermis and sQrlfln tlssUM ware 
most rtalstant whUe paraool^ yniBtoui tisaueswert oogt sangitlve. 
PhloQD o«IX8 wra first to be injurad follovad by «nlargflD6nt» 
axtttiaion and distortion of phloem par6Qoh3naa» 3iyl«i parenahyna 
and transfasioQ tissuas* Farthar* thssr raportad tip necrosis 
of young needles vhiXe oldar ones were resistant* 
Injury on ^ e fruits eaused by fluoride has baw reported 
by several investi^tors* Kotte (3d29) observed injury on the 
apioeX part of plun fruit. aadiOoff (2939) reported that the 
s!£ln of apical part of peer fruit beeame blaok due to fluorida. 
An anothv? oonsionly found disease on peaoh fruit referred to 
as **3oft Suture IXlsease" due to fluoride has firstly been r^>orted 
by Anderson (1931) # who obaarved the ayBQ)toBs of this uniqpie 
disease vhsn sprayed sodium fluorosilieate to oontrol the inseots 
and bacterial spot disease* In this i^nd of injury or better 
to say disease oaused ty fiuoridet the particular portion along 
one or both sides of the suture line of fruit to^erdg i t s lover 
thirdi shov preoature reddening and ripening* When the rest 
portion of the fruit finally ripest the fluoride injured portion 
gats shrunk and beoomes typioaliy soft* Bolay & Bovay (1966) 
desoribed a looal neerosist reoognijed as dark brovn to blaok 
markings at the basal sod of eprioott eherry* and pear fruits 
as th^ rippsnedt oaused by atmospherie fluoride* 
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1!h» 9ma% mmttmXm of toad-l^ of this pollutant i s not 
v^ UL 'snawa§ boww^r* i t la b«li«ved that i t inhibits ^d 
disturbs the en^sr^tia «rstflei of the plants (i^uisart & Jofaitt 
]94a) and th«pefo;«» i t i s also aallsd as ttn^yms inhibitor* 
It afftats so sany SRSSTQOS tttg* Phosphataset Bnolaso* v&taiasst 
P«ro3iltesa* MytoahPoae osddasa en4 Pho^hogluooisatciss* Warburg 
^ Shristisi (3041) r^}orted that phosphot&sa* enolase an4 
Qoylase are the protsdn stoleaules vhiah airs aativatad by 
magnasiuB or a bivalant h«a#y aetal* fhsy SJiggastad that 
fluorids ooQbines \d.th sha aatals of anayaas forming fluoride 
metal oosplex and in Idiis «ay makes the SDiyme inaative* 
HoGune et al« (1065) also daB»nstrf>.ted the inhibition of anolase 
end oatalase* iRipperting the earli«r liimi of Werburg & Christian 
(3941)* 1!he aativl^ of pho^jhogluoomatase wmg r«Torted to be 
inhibited hf flt^i^ides n^d the inhibiUon was seven t i a ^ more 
in the presenae of Mg than m (Yang & milm$ 1062)* these 
met&ls are aetually responsitile for the aativt^tion of tliese 
en^i^es* Hewitt & iiieholas (39630 t^ve r ;^>orted that fluoride 
eoabines with ^ e forrie ion in the hme groups of pefoxlda8e» 
eetalaset oytoahrome 03eidase and ultimately Isiads to tho 
inhibition of these enzymes* 
FluoridOf beeause of tendenay to form aet©l»fluori«to 
oca^iex af tep ooabining with metals of the enityaest may ^»o 
alt«r the oells nutrients* one of the sia^lest ea^s^les is* 
29 
that the tlvto^t^e ooaMnes with acaalua of th« soils toraing 
inaolntue oaXaiuB fluoride vhloh g«t8 pr«9ipitat«S and th«*«. 
fordt ultimeiteljr o^ses salaim d«flaiona^ la ^« plants* 
onse th9 available cmloiuD is pf aaipitatadt fluorIda oight 
aat in tha s^ asa uay on fsagnasitsB at the asQjsQsa of tha 
a> 
Bff «ot on yipiratioa i 
FXuoridQSt as m t^d^ned in the preoedlng pages, iQhiblte 
the activity of ensymest aoongst then eoolase and pho«phoglucK><» 
mutase are very sensitive and their inhibition affeate both 
oarbohydrate assimilation and re3piration» aonner & Wildaan 
<1946) were the first to report t:mt high oonotntrations of 
atnospheria fluoride under fumigation esqperiaents lowered the 
rate of osorgen iq>te^e in ipinaah leavest thust resulting In 
the inhibition of re^iJ?ation« Later ont the influonoe of hi|^ 
oonoentratlons of fluoride on the pathway of gluoose breakdown 
in injured leaves of Chsooi»^Ha| aairale was studied by iioss et el< 
(1962) f %to observed that fluoride inhibited the aativity of 
enzyme enolase» resulting in the inhibition of glyoolysis e^ d 
thust ultinately the respiration of damaged leaves* 
The inhibitory aatlon of fluoride on respiratory en«ymes 
at higher eonoentration i s well established but interestingly 
at lower oonaoitratlons of atmospheria fluoride the respiration 
i s 8tl!salated» as has been reported in the injured leaves of 
tomato in contrast to the normal ones (Hill et el .t 2959) • 
M^ulty & Nemtan (3dS7) reported that in bush bee.a and 
gladiolus leaves the rate of respiration increased* when exposed 
to 0*3 ppb of hydrogen fluoride for 8 days and 2«4 ppb lor 25 
days respeotively. The inoreased rate of respiration was 
measured by the increased oiffgm uptake by the leaves in the 
presence of low ooncentrations of the pollutant* 
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B98ld98 this» there are several reports on the r^te of 
resplretlofl being sticnjlBted at low ooneentratlona of flt.K>ride 
in o&se of bush be@n (liqiiUltar ^ neuDisit ]dS6| and Appleg^te 
et 8l«» 2960)» tomato and been (Weinstseinf 1961) * grnpe* pee* 
and ap-l<»t (Pllet» 2963) t faad wheat (Lustincc et a i , , 1960)» 
Altboughg the above reports obviously show ^at fluoride 
oonaentratLons are inversely proportional to the rc^ te of 
respiration i«e« higher the aonaentration of flu^.'ide lover the 
rate of r^piration and vloe-versa* Hevever* i t i s s t i l l not 
oleer that vhat i s the eaaet meeheni«i of ahsDi^al reactions 
bringing about suoh phenomenon sinoe the literatore i s IrxoiOng 
on this partioular aspeot* 
3S 
At dlsoufsed •orlier* the main ports of plent body 
attaa^«2 hy fluoride ere the leaves. SSiese leaves are supposed 
to be «iall faotories of pleat vhere food naterlal Is manufaat* 
ored as a result of photosynthesiSf as veil as they also serve 
as the sites vh«re a nuaber of aetabolia aetivitles are 
regularly being performed. It has already been established 
that fliioride aots as enjon&e inhibitor aad thus* inhibits the 
aotivi^ of several ensymes responsible for the prooess of 
piio to synthesis* It has been proved that ohloroplasts are 
^stroyed by fliKjride (Lhoste & Qar;.*eai 1975) resultins in the 
rednoti(») of photo^nthetla activity* Soae investigators have 
dflDonstre^ ted that the redaoed rate of photosynthesis i s direotly 
proportional to the visible injuries epnearing on the let^vest 
or in other «ords» tlie rate of photosynthesis v i l l not be 
deoreased p«^ ovided the visible injuries develop on the leaves* 
rhonas ^ HendrloUs (2066) have dtoonstrated that fumigation of 
gladiolus vith 2 to 20 ppb of fluoride did not reduce the rr\te 
of photoftrntheslt until nearosls developed on tho leaves* ihe 
reduQtLon in the rate of photosynthesis was found to be iireatly 
proportional to the ssaount of nearotlo areas, Ihe photo synthetic 
aativitor of green areas ims not affeated at suah a low eonaentrcw 
tion of fluorldet however# at the higher oonoontrations the 
rate of photosynthesis reduaed a l i t t le* HXl et nl* (1969) 
reported in gladiolust that the rate of photosynthesis reduoed 
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vhflD eaposnd to lov oonaentratLons of fluorid^i vhloh \ma 
proportLoQfa to the amount of neon) sis and thust donfiPolng 
thB earlier findings* In oorn plant ohlorotio oottling appeared 
on the Xeavesf vhsn funigated vith Xov jonoentra^ions of 
fluoride followed tor reduction in ^ e rate of photosynthesis* 
Ihe sase has als^ been r^ x>r ted in the oase of strawberry 
(Ikeshewf 3970)* 
It i s 1>elieved that j^ eduoed proaess of p!K>toaynthesis 
by fluoride eiposore i s cpii^ly recovered if fuBid&tLon i s 
stopped before the leaf destruction ooou-^ red* However* on the 
other handt i t has also been reported that in the plants where 
leaf destruation ooaurrod due to fluoridet the r?>te of 
photosynthesis we^ s first reduoed and then followed by a rapid 
reaovery until the level was reaehed oorre^ondlng to the 
expeoted rate of photo ay n thesis by the noraal leaf. 
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Bfttqt on ggpifth t 
It i s qolte obvious that the grovth of th« pl«ints i i 
reauood in ths presence of fluoridOt sino« i t inhibits metaboXio 
pfoassset Xlic« photo synthesis» iTMpiration and enj^natio oeti« 
vities b«sidts so actny otims vit@l p-»>ae8t«8« Interestingly the 
•ffeat of fluoride i s not alvnyfl negative and tihlB hns been deraon. 
strated by Aso (1006) t vho dsi^nstrated that the grovth of pea 
and baplsy plants nag stimulated in the presenoe of s^ diusi 
fluoride* As early as WQOM Brevwr et al« (i960) observed 
that the height ^«id o-'ow voluae of orange trees vns decreased 
and the average leaf siae reduaed to 00^ i<>hsn exposed to 1 to 
5 ppb of fluoi.'ide for about 26 months in a green house. Letter 
ohf Bsmftg et al« (3966) dsnonstrated that grovth of glr^diolus 
Qora reduaei signifiotintlyt vhsn eaposed ta hydrogen fluoride. 
The leaf ar«a vas also reduoed by 25f^ llicy have alio shoved 
that the reduotion in gr vt& vas aireotly proper tir;inai to tlie 
extent of leaf injury. 
i^ urtheort the leaf siae of voody plants suoh as aspen 
end grepSf vhen exposed to hydrogen fluoride vns i^ eiuaedi ns 
Buoh as 30^ (And»^ 8on« 1966)» Similarly Leonard S: Graves (196<5) 
haire /sported deoreased leaf sixe in oitrus coupled with the 
increased l e v ^ of fluoride aonaentration* Du^ i^ng n two year 
expoaure of hydrogen fluo^'ide in the i:ield» they observed thnt 
the leaf area i^^ reduaed to 60^ as ooe^ared to those plants 
grovn in fluoride free environnent. ihe earlier i-ep rt 
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regarding the diroat oo^x'^ation betwtcn X«af injury and gi'ovth 
of tha plants (Briiver st el*$ 1966) hat beea oontradlat l^ 
£re«hov & Haraor (3d68)t vhero they have ji^ p^ortad that the 
bean Xeavos when aaatasulated aoo to 300 ppBL of flu«:>ridet the 
growth of the p l^ t s reduaed rcaerkatOyf even in the nham^sB 
of vladMe ahlorosis or nearoslf* I?ei^ov et al« (1067) found 
an Interesting phoooaenon in pine needles* whei^ e thsgr obs^ved 
that %rheo the needles vere exposed to en elevated fluoride 
aon>3ent7ation» the^ betseae longer then those of the trees 
grown in the absonae of fluoride* Alttiought tho padiol gi-owth 
lias deoreased when fluoride level inoreased. Ha^ cesa & Aoai 
(1070) found that shoot sprouting was inhibited in JLilft M^» 
when provided 1000 ppa of flooride in the form of sodiuQ 
fluoride through the soil . Most peooitly MaaLeon et ai . (1977) 
obse^sd that in oontrolled ftiiaigatioQ expsrifflontst there wr^ s 
no effect on the growth of toaato and bean plantst when eaiposed 
to low donoent^ mtion of fluoride* Howevert the fresh weights 
of the plants vere redu^ sed to 26^ « 
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Mint oa y^ Ltfia t 
£h« field gro%ffi stQsiUve arop plmts \mv9 be«n r«pof tod 
to be injured W ^drogen fluoride nm^ the fluoiride aaittiag 
fed%>7ies, 33ie inlury vas reoo^aed on the Im^mM pri&arlly 
end desoribed ae oearosis and ohlofoais^ tmioh aoaetioei 
folXoved by Xet^ abaaiesion* Xhe leaf degtruatLoQ abused bsr 
fXooridet has bees found to be dirodUy riA^ted to the .epro* 
duotion and ^eld of the pianta* de Ong (1943) and Mill^ et 
al« (3048f 396S) obaenred thptt In the apple^ epi^ioott pluia» 
prtxne and peaeh plan tat @?ovlng neor at fluoride ositting factory, 
heavy defoliation aaused reduatioa in the fruit yield. 
Leonard <& Orawa (3d66« 1070) %ihile studying the yield 
of ditrtaat loaat 4 in ^ e aireaa nhere reiativeXy hi^er 
ataoapherie fli^ride waa preaent* i*^ K}£*ted th^t '^ h^e nu&ber of 
fruita reduced about 2lS n^d yi^d about S7^ in .ontraat to the 
pluata )£i^t in ^ e artifiaial plaatia green houaea p-'ovlded 
vith only filtered air, ilMa I'eduotion vm coupled with vialbie 
chlorosis end reduced leaf sise of ^e planta ex>oaed to 
fluoride. Xhe raiationship of laaf deatruction nnd i^ eduaed 
yield has been intensively worked out W Brener et ol, (19^) 
in gladioluat who reported that in fumigation eaperuionta the 
reduction in the weight tm^ aiae of jora was a oons^mt 
feature in Uiose planta wh^e approsdmateiy 35^ of the total 
leaf area vas destroyed by high concentration a of fluoridet 
fluggeating th^ebyt thnt the yield of planta w^ a directly 
^ 
pi^oportloaal to ^ e extent of lojur^r* P&c^  (3966) oba«rv«d 
that h l ^ « aonoentratlon of hy33Pog«n fluoi?id« in cont.' ll«4 
fc^igatioa ot toB&to pXazitsf oeuted nearoslt on the Ximvee* 
Shis injury resulted in the ^eiuaUon of the numbe? ond 
aveirage weight of the fruits per pXont* He «>«reiated this 
reduation iiith the extent of leaf denKige ana further* found 
that tl^ nuaber and average fruit weight in treated plants 
was 41 and d4 gQ in ooc^arison to the S5 and 4S ga of "^ le 
treated one's respeatlv^* 
In oontragt to the above observationst Stoaks (1^60) 
r^orted thatf of l^oursef higher donaentrations of \ii^dcogm 
fluoride paused reduation in the nv^ bar and average veight of 
^ e fruits in bean plants but without any kind of visit^e 
injury* Intevestinglyi the effeot of highest aonaentraticms 
of fluoi^ide are not ali^iys negative* IMs has also been 
deoonstrated by llekeeia & Aaal (S07O}« who found that the 
nuQber of fruits per plant of Viaia JQ|]^  was inareased bgr 
giving sodiiSB fluo^-ide treatments* Siailarly iiitohoa: et ol, 
(SdTDt while observing the effeat of high aonsontratlons of 
hydrogen fluoride imder cuptifiaial fisulgation on alfcafa and 
orohard grasst found that in both of these plants foliar 
oarkings we?e th^e but there was no reduction in tiiair yioldt 
howeveTf the fresh and dry weights were in^r^^sed* 
m 
ampins in vl«w the aboir«t i t i s quit* obvioui ^^t 
only h i ^ » oonocntretlons of fluoride ?edua9 the yi^dt vhiXe 
ttm low ao&amtrfttions of hydrogoa floofide do not afiraat 
fruiting aad yieldt ^a ^oa^tly ?^ ;K>rt«i W Maaieeui et fiX« 
(3077)t vhiXe thcgr v«re wording vith tc^ n^ to and bean placts* 
ZiB^«2ff kt i ft, jMilttflty (rf tflmti 
•ITTJf. 
30 
ISZHii' ^i«fB«aia^ "HiSiEST 
QladloXtts( MBe 
iteyal) 
07980II gri^« 
pr^^^ (Frolt) 
P3.UB (£BP«ftal«M) 
Pfim« (Z^&iaii) Qrapo (amoptin ver*} 
Pine (Poo4«ft>iei} 
Pin* (B««t«m vlilt«« 
Fir <OoaA«4 9afiM9 (rant) 
Soup (3oaa «Br«} 
Box i!ld»v 
waanttt (aoguiti) 
kprioot (lioovpea t^ 
mtiDn) 
CitVttf a«aoiit 
tanff«QPiiie)2 
weOAut (Slft^) 
PopXflf (XrfMitedsrt 
Cavollaa)^ Qr0p« (Conoo^d) 
Aiiiin (Qittkiiig) 
BafXigr (Xottig pXanta) 
Ctoorrsr (Mag* 
aojrai Ana) ^ 
OvengeO 
LilM 
PMtfih (L«avog) 
CllOk9C «^K7 
h«dftt s l iwr ) 
^pruo« (iiMto) 
aose 
^pXe (jmi«iott«) 
A i t « ^ 
Alii (CkrdOBf 
GNBipsnlin 
PQfionia 
LindMi (Biiseptai) 
sorgfaanS 
X»mb9 qoatfior 
Qold«upod 
ahodo4«iayoa 
Iiiiid«B (MMvioan) 
pyvaoaatha 
8 saUs (Aatrl^eii) 
A^Naragus 
Ht» A^ (Bi»Op««l) 
Ohcgpry (FXovQ l^ng) 
aaaflot#er 
PigvetA 
Virgliila aPd«per 
POST 
Bridal woath 
Agh (Mod«it») 
Juniper 
• Adipted fraoL Z^eghov* 3970* 
Ooatd 
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X PlMta a»« Ust#d in i^ ypvexiBat* os4«r of in^xemaing tol«r«aoe 
2 Pr«doBiiii«t dsm^ toB altlovotit v»tb«r ncovogia 
Xhe Xiat of roa^ atLve atadtlvltar of sooe ooEieen plant 999108 
la givm in the oteYo BOQtlonodl t&l]iLe2,aa3.»tiTS3.y few spoalos 
are aoffioianly oani^ Uvo to fXttoxldo to bo injuvod aignlfloan toy 
and oeuao any oonoorn* in o aoat ganopai voyt injury to thoae 
oay appoar bofove tbe fluoride oonaantrotiQna in the loovoa have 
roftohod 50 ppB if tile oaiatlng anfiroiaifntai oon ditlona are 
oontesivo to prediapoains the pl«ta to injury* ihaae q^oeloa 
ere listed in "aanoitli^ ooXuin* A fav otiiop ^oolea we injured 
only at ao»e«ihat higher fluoride oonoentratlonaf these are listed 
i t " intomedioto ** in aanaitlvity* A tiiird group oonaiata of 
plants on vhioh injury has be^ n obserTOs In the fialdf or m 
fOBlgationt only vhan loaf levala haw axseedod a fev hundred pm* 
Shoae are oonaidared ** reaiataot <*• 
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Ojone l 8 a very to ado air pollutant to the planti ai 
¥«11 CIS to th« anlBUBia, end i s noMwOly pp«3«it in the outer 
leyers of ttratoflphw* in ^preoi&bld qu&ntitias vhlah rarely 
raaoh to tho ground l«vel» Howevert wenta t t aX« (3^61) 
ausgested that under a«7taln alrouatt^noMt oaone riah ai^ * 
Bay be brought to the earth by jet et^eiane resulting m the 
inoreage of loyally produaed oaone level . Oaone i s also 
produced froxa ^oatriaal dlaaharges suah as l i s t e n i n g flashest 
whiah Effly produce as ouoh oaount as to cause injury to the 
trees (Ber:py St aippoPton* 1963} • In adJition to these natural 
sourcesf men hias^f i s also ^tsponsihXe or ^ e contribution 
of ojione in the atasiosDherd* Autooobile engine's exhausts are 
actually the principrl sources of osone pollution* but of 
coursst indirectly* our inefi^icient internal combustion 
engines daily r^ease tons of w ste hydroc i^*bons ^ d nitrogen 
diosdde into the a too sphere* .Niti'og^ dioxide (1102) S^ s^ 
splitted into nitric oxide (HD) ond atmospheric OSQT :en (O)tQr 
l ight eneargy* Latter coabi&es vith t ^ aolecular osorgen (Oa) 
preaeht slre^dy in the atoosphere end thust produces o^one aa 
follows t 
Light ^t fgy 
HOg HO » 0 
0 • 02 O3 
Ttno net reaction i s* 
Light Bn«pgy 
HOg • Og I HO • Og 
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aoW9»§ th» b^ ols rmoUoB ia ooapa^etively fa«t«^ then th« 
forward on«, lb oheok the b@al£«eurd r«&otion« hydroaarbons 
prosant in th« atmosphere readily ooablne with the nltrlo 
03Elde reeoltins in the aaaumuX&tion of enough amount of o4one 
in the atoospheret whloh aan oauae injury to the vegetation* 
i)^ending ttj>on air sovectente and ataoepheria aonditions 8U3h 
as teciperature and hUBldltyt odone a^ t^ raveX a long distanae 
and injure tuaaeptible plants over very %d.de area (Heggeetad 
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foliar wt^aiioe of oaona i 
It 18 b^leved thr>t ^taosph^rlo osonOf uis<}«r n&tuj^ al 
end fuQlgation e3Q}0riaeQtSi entwrs into tho leaves throag 
«fe>asita md then ettaaisa i t s Intepnal tissues. rh« entei'^ riae 
of odsne through stoar t^a was suggested by Ibaeo (1937)» who 
observed Injury ayaptoms on the bean leaves ^used by o4 net 
vhiah oadtirred on the plaoea where the nuaboi* o£ stio&ta was 
nisaerous* 04one ent^anae tiirough itooata has also hem 
suggested by BobB?ov (3962)f vhlle lorklng on oat leaves* A 
nuQber of wDrkers have studied the ei^ e^at of od^ n^e on the 
foliage of different plants and found th^t young leaves ve.^ e 
resistant while old leaves were susaeptible to oiione e^^osu^e 
because of possessing unfun^tional and funational stianta 
respoatlvelyt suggesting thoreliyi ttiat most probably the s'outea 
of odone enteranae into the leaves are sto8iata(Ledbettei* ot al .t 
1959| i!Bylor et e l , t 3S61| Haa Knlghtf 1968| Bvans & ring* 3B74| 
Leon«i« a078| end auneokles St .^ s^eot 2977) • 
Hao ^Lnight (1068) observed in oat leav s th^t the gu^ rd 
oells f^ the stomata lost their teirgor ond started to ^lose 
ve^^ reoldly as aoon as the gag entered into the leaves. He 
also found that the width of stogietai openings of oaoy plant 
speoies was rapidly reduaed in response to oa>ne exposure* In 
the reacait pestt the alosing of stoanta f»gainst oj >ne eje^sure 
has also be«i diraonstrated by .^ uneakles & nsm (1977) in bean 
leaves* It i s opined that this icind of response of st-s^ta in 
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the pp©8enae o£ oaone oay b© baneflaiai to th« plonte in th« 
eensd thEit after getting alosed ^ey o^ pirevent i*ui*tiier 
eateranae of the gaa into the Xeeves and tha^eforet asperated 
to protect planti t:ecm daaage* Mt in faat* the aase ie not 
so, as the atoiaata a^e not tightly alosed and aiiov the g-s 
to diflust through thCQ, at observed by ^uneoiaet & ^k>sm 
(^77)* ihfly have also reported thct even before the ooraplate 
closure of stooata sufficient aoDunt of gas uas aire i^dy 
diffused into the Itaves to v^ mse injury* i:he a^at aaahanitfs 
of stomatax closure i t not mova but i t i s believed that this 
iiind of responst of stcoata against osone e:«po3Uire is also a 
<and of injury (He Ferlane, 3966| Lett ad65f s^flciary & Hag, 
2977$ end .iunaauxes & i08tn» 3977) • because otone in .^-^ ^sea 
the permeability of i^e guard oelXs and thei'efoi*e« uater 
esoapes out from thee oauaing lost in their turgidity and thust 
leads in the slosing of stomata« Hovev^» in rioe lenv^s 
iiiinea^les & ;%>8tn (3977) observed that atoiaata were open baaause 
of the destruation of guard aeUst ih the badly d^a^ed portlonst 
due to the exposure of high eonesntrations of o^ i^ n^e under 
fucilgation exptriments* 
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^Bfm>tima aa4 injury gamtd bsf oaaot i 
Ojione la a ver? toaelo olf pollutant and aau^es vex'ioaa 
types of Injury te tht f«g«tatioa, ft« lnjui?y aeuaed ty oaoaa 
haa hem ?«pofft«d fo? th« flrat tise by Kolght t^  PrlitHy (3:914) 
in rye ond whaet. Later on* a nm\m of eaon >t^ o aad om«o«jtai 
Plonta havt been raoordod to b« injurad ty tiiia pollutant, for 
inateaoa, alfalfa (a,w*U ^ aaitti, 1077), baan (ifofi^ n, 103T| 
H#g«0ata4l A Haaic, 1071| <ibm$t 597a| ifow^li, J972| E^ija. 2973| 
^ .^eoklea & .Hoa«t 0077), ldgi»nla (Wedlpa at «!, . 1972). 
aitrua <Iho^, 4 l ^ o r , 3909), duok^ad (Fedar d solUvcm 
J369). grapa CHohard, at a l . . 1S58), anion (w^^aoh ^ Ho.,',,, 
l ^ t pm (oraond. E)76), patonii. (Adadipa at . 1 . . 1072) 
potato a ^ a d Q.a«.o, m^. Pica <««..»«,., ^, ^^^ ^^^ 
1977, and .^ .Jpu* * on»„a. 3976). „ ^ ^ , , 
- » - <o««..«^.. ^ ^ ,^ ;Ca' T " ^ •^ 
i960). •PMo-ft (Jaint, , t aj^^ 
'S'Pljal ana » ,y ^ 
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^eoiest m«e&lag th«r«l99rf that all tim ayaptoeis of inju;?y ru^ e 
not at aXX prodaaod on taoh sn4 every susaaotit&e pl^t* Ih9 
Injury syc^tooa o^std by oaone aj^ a da9>s-'ibed ag Iac«^  y^lov«> 
lng9 taaaohlng (Pwiatate to bJ?onJa stippling), sooi^ o i^lngt 
hronzta^ md extao^va naaratia n.9«icing or sfeip^ling (lilll 
at al«i 20611 .iiohf 2964f fircraaaa at a l . t ]069| Hensa? & ibdges* 
IdTOf ll^ ashovf IdTOf Latvia & arean^t 1974| OroDndt 1D76| «m4 
tlovall 4 Saltht 3d77)« Pr«ei&ture shadding aua to omne axposure 
hr^ va niao bam r^jortad In parlous plants by savarfvl invasti* 
gatox's (Hasgaatadi ]369| IUbbsn* ld70| Haggastad <& aaj>., 107l| 
iiovail, 2d72| and Haonlng & Viirdarof 3974) • 
In broad«laaTad plantst paliaada calls a^ a the first to 
ba affaotad by o^onat giving an ohlorotia or blaaahed appearaue 
to ttm afl'aotad areas* Xsol^ t^ad affaotad areas present In 
between soall veinlets fora the ahara^ e^-lstia punctate or 
flaacad pattttpn of injury on the upper leaf starfaae bejfiuse )f 
the dooage of inderlying aesophyll tissues• as repo.tod in the 
oase of tobaoao by Povilaitis (2963)* l^ pidai^ iDal ^ells prasont 
above ^ e affeated a.*eas oay or may not be daraagod* dreading 
on the severity of ln.lury. Hovevert collapsed aoidonaal oalls 
over the deoaged tissues have been r^orted by llill at ai.d^^i) 
and vary reoafttly by HokeoMra et al , (IdTS). If the oono«itro» 
tion of o* ne i s very high» i t results in the deveiopnoat of 
vater aor^J&oA appears^ae foUot^ by naoi.*osis* 
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In grasses ead nv^no^tst vh«re theses i s no peiisade 
tLstu^t bOlw^ i^ lng OP neajrasii ddvelopa on both the suefaaea 
of the leavefl (Johera et Ql*t S957| Hill et (a*» 3d6l| .^oh* 
1964$ 'l^ «8hoVt 197D| iift^ ataura et &!•§ 107S| df^ 4 Bmnett & 
iiisaeoiaest 3977)* Ih* pattern of injury in su^ th long and 
narrov lo&ved plants vetriea slightly* £he mesophyll jel ls 
are readily injured as soon as oaone ^ters into the leavest 
resulting in the deveiopiaent of injury symptoms on both the 
sides* If the injury i s raildf fine ahlorotio stipples d@vlop 
between th» longitudinally running veinlets* .^vever* if the 
injury i s severe due to high jonaentrations of oaone ©xr>09ure, 
jhlorotio stipples get united into large elongated st eaics 
vhiah often extends through the leaf blade* Lesions extend 
Isngthwise or longitudinally overlapping the ^aall veinlets 
and finally eon vert into noarosis* 
severf«l speeies of pine have also been x-eported to be 
injured by o^one e»g* £• gtyobue (Ooitonis & Sinalair^ 3^9» 
IdTOf wostonist 1970} tmA Dooahinger & Seliskart WTOt 
£• ty^ ndftgoaa (Illllir et al», 1960^ liar pen» 107D| Kvans ^ Millar* • 
1B72$ and wilUams et el*, 1077)f and £• JiMl£MLXX» JsL* flOttXtOi.!* 
£• igpb^^tiaaa (Evans &iiiller, J972), i:he injuify i s loaitea at 
the tips of needles and reaognised as nesdle blight* Sometimes 
yellow to pin^ spots to neai'otia bands siao devel JP on the 
needles* 'Plants sens i t ive to o2one have been l l s t e J in Table 
3a & 3b. 
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M?9haaip pf ^ jury t 
She ts^Qt meahealan of oaone Injury I3 not well mown, 
h^ 3ve7e?f i t is believed thPt 040210 anusea injury to the im.v9a 
by increasing the pemeabillty ot aell mvalvanes. Gieae & 
ChristCQsen (1964}f while wor^ iing on poraneaitimf were the first 
to deiaongtr^te th&t oaone espogure resulted ino^et^ sed peroeec 
Mlity of aeanolar Demtoenes, Lee (1968) Mgiested that 
inoreesed permeability of the aelle due to ojone exposui^ e* aan 
be z^ fllated wito the visible dsffl?^ ge of tobaaao plants* 
o«onet being an extreraely strong oxidising ng^tt trntstn 
at the reducing sites of the meabroneg and thereforet destroys 
i t s structural integrety (iiiiaht 3964)« It has been -eported 
by Ib&Lilion dc iUah (197D) that eaone oxidises the unsaturated 
lipids of oell asDbranes and results in i t s inore^sed perBee* 
bilityt Ihe foraation of lipid p«?oaddase in tho o^ one treoted 
leaves of tobaaoo (Ibctilson & aieht 3^7) and bean (ibmilson & 
aioh, 397D| and JurUs «* liov«llt J07D has been reported* whi<3h 
stiEMlated lipid oxidation and oeused the aaaunulation of fatty 
cioids in the leaves* 
In the light of above ai-ed informations, i t beooaes 
olep^ that oaone attaaiss fiJ?st on o^l meBbrnnes and then oauses 
injury* 3eve-*el investigators have observed that after getting 
into thiB leaves» oaone attaji;s on ehloroplasts of oesophiyll 
tissue ani aauses destruation of i t s merabrflne* As the result. 
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otaiorophani g«tt (Si^orsad In the oytoplaffa of a«Il (.^^ard 
• t ftl.t W9Qi Httggeatad & Ki^l«tc»n» 29a&| Dedti*i et &X«t 2960| 
Hill 9t 8l»» |d61| PovilaltlSf 3068| ahot&ion et ea,» 2906| 
Hlbb«Di IdTOf and Ha^ fiaara et al»t 3975)« The deo&ge of the 
afalox^lattt givee yexiov appeftranoe to the affeoted are^a 
beoaute of tho loa* of gvaeQ colour* After attaining this stage 
the vater oontents of the af/eoted oeSULs eiroporate end get 
ajjUBB]lated In the InteraelXuXar i^aes of ^ e mesophyU ^eiXst 
giving vat«p eoatced appearsnoe* SonetiBee brovn emd reddish 
teom plgaecte alio develop when ^ e Q9ilX§ die ana tiiarefore* 
the lesions heooae ahameterlstlaally brovn end finaUy 
neorotlo* 
fio 
8ft0Qt on y « i ^ f a ^ < ^ t 
It isio boon reoordedl that ojone atLoulat«s th« prossess 
of rogplpatlon wSilah I3 awp?08«d to b« a ilB4 of injury attri-
buted to this pollutant* It la d«soQ8tr&t«dl thf^ t th« rnt« ox' 
rttsplratloa inareaiee only of tar the appaaranie of visible 
In^Wfy on the leavea, lb (Id (2988)» liiiile working on pinto bean, 
Qb««pved that stlwdiatlon of ?esnl?ation oajur:*ed only after the 
visible injury eppaared on the leaves* L t^ar on9 i t has been 
r^07tad that leaf rar^iration in toba^oo (Leeg 1^7% and 
ibmllaon & ^ aahf 2^68)# bean and spinftah (Ibailaon db .Uaa, 2968} 
va« initially inhiMted by o^ne ejposufe but a* the visible 
^mtptoms of injury epp^ffadf res:>l7ation vag fot»)d to be 
•tiioalated ooupled v i ^ rapid lo«i of A,f,?» and insreased 
permeability of aitoahondria* Ihis i^pe of etiaulation m 
respiration wltSi the deveio!»sent of visible Injury on the 
leaves have also been I'eported by several vor'^ ers in dif arent 
plants e«s* tobaoeo (K&oOoyall» 3^5)» aom« rise and peanut 
(Saniyana et el** 3076} and pinus (Barnes* 3972} • 
In contrast to above* Ibdd (3966} in an earlior voj*^ » 
reported that in oitrus the r^te of resTslr^tion in^raaged even 
in the abaenoe of visible injury on the leaves* &nd for this 
observation he miggested that the leaves may have had aelluler 
injury vhioh yas not oaoroseopiaally detectable nnd that i s why, 
even in th© absenae of visible injury the rat© of reiR)iration 
va« inoreased* In bean leaves* atiaulcition of respiration in 
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th« absflBa« of vlaifald injury ho« been rtportad by Dagger «t ai . 
(2d66)f if fuBiigaUon of lov levala of oiion* vera oontiniaed 
over an eztenddd period of tuse. 
%• inore^a« In resplratloDt aenna ^n Inoret^ ae in che 
rate of augar aonauiaptloQ aad redaotion of reaerved oarbobydratea 
in the oaaia* Duggor ot eX« (3906) have ?apor^ MI in bean leavea 
that o«»ie tr«atB«nt ^uaod a aignifiaant reduction in total 
aarbohydrat«8 i«>stly the ataroh end an inoreaae in reduaing 
augara« She inoreaaing emomt of redaoing augara provide auba* 
trate for reipiratlon mud say aaoount for the inareaeed l^ ea• 
piration in oaooe treated Xeave8« Bansett (1969) and Hanaon & 
Stewart (1970) reported that o^one iopaired bo^* the ataroh 
ayntheaia reduotion and inareaaed hydrolyaia of atarsh to form 
aogara for respiration. 
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1% has been r^ortad by & number of vori£«ra ttiat oaon« 
i s respofiflibS.* to oaust <3eiaag« of m«8ophyll tia^u* (aiahards 
• t eXt» I088t H^goftad 4b Middldton» X959t Qaints et ttl*t 1960| 
Bill • t a l . t 2961| PoVila! t i l t ]968f Ihoason ot al«t 1966| 
Hibbant 3970| and liomantfa at al«» 2975) aod th«r«fore» r•gaits 
la tli« lots of ohlorop^lX* If ohlorophyll i s loatt ths olti* 
mats affsat will dsflnittfiy b« is^sed on the prooass of 
photo cm ^ asis* B7ioi£ff»k & Wadding (3966) rapo^ted that tha 
rata of photoiQmthtsis deoreasad about 60j{ in tha duokvaad 
laa^rast vhsn aagiwaad to osonat baoeaisa of tha radluotion in 
ohloropfayll dontsRts* 
daduation tha photoaynthasls has V c^i raportad to ba 
dlraotly ralatad to tha davttlopaaBt of visibla injury* iSiis 
viav i s vidaly aoosptei I9 oany invastigators in various plentst 
for instanaat tobaaoo (Maodovallt 3966) # baan and «;>infi4h 
(Ihadlson & aiah» 3968) end pina Sp« (Barnest 3973)* in tia 
raosnt past laniyaoa at al» (3976) hava also obsarvad tha 
similar phsnoBianoni end raportad that rata of photoaynthaais 
raduoad in oiKsns traatad plants of oornt riaa and paanut W 
66^i 70^ and 80^ ram>«otiv«iyi aouplad vith visibla injury. 
Iha rata of photoaynthasis ist of ooursst daora^aad by 
oaona osposura bat if oonawtration of osone i s low f^ id ai^ posure 
tima i s of fav hourst ^a raduoad rata of photoaynthasis oan ba 
53 
raoDVffea l9 the da«>08«d plants, of t«r tht and of emposor* 
e&d b«fbr« th« vlglU* Injury ooauri>«d (KiddX#tDn ft lteftfin»9Blt« 
ad01| miA "Seniymm 9t al«t 1976) • 
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W t o t on ggovte and yl<ad t 
04ono get •tiBtuXatdfl v«tpiratlon and r«duaM th« rata 
of pho«o«yntb«3i8t resulting la th« injury on l«av«a» flovert 
and Inhibition oS pollan tubo ^LongatLoo* B».^ aus« of th«s« v«u. 
defined effeote* I t wtad be a gafe aseunptlon thnt growth and 
ylflOLd of t ^ plants vUl definitely be reduaed* Ibdd (1966) 
vag the first to desorlbe the reduotlon in growth and yield of 
the plants due to o^ ame tmder the caption "Hidden dss^ge to 
plants** Later ont this faat v^s veil establlahed that oaone 
In fields ean aause reduatlon in grovth and ylflld of the plants 
(lodd d Oerbert 3953| Fede? <k 3iilllvan» 2969f Heggeatadf 3969} 
Leone & Brsonant }^9| Landao & Braidt* ^70| Sen t i le et aX«t 
P 7 l | Cheng* ]073| Manning & Vierdaro* ]074t Leone & araanet 2974| 
Oflhlim et el»» l£>71^  Bennett & ameakXett ]977| and i^ i^idX & 
aoltht 3977), 
iSobaQdo (iifi^gestadf 1969) and toaato (Pedevt 3^^| 
OantUe et al«t 1971t Harrison & Fedar» 3d74| Manning & yard?>ro» 
]974t and Oshltta et al*f 2^ 77) plants have been r^;Mrtaj to bo 
vary ssnsltlve oaone ejqposore In the flaSLd as v«ll as in the 
artiflelel fumigation eiq^erlMents* It h^ s^ bean foui^ t^t 
grovto In tems of height* langth of lnten»>des* nmber of Isuds 
and flovers was eonslderalOy reduoed* Further * th^ inhibition 
of police garolnationt reduotlon In pollen tube elongntion* 
reduotlon In fruit glee end fruit nusOier haa bean found and all 
have bean aoeounted for ultlaate deerease In the to t^ yield* 
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idilah toaetlaes rmohed to 80^ thmi the untreated pXoDts* 
Q^vth of duokimed (F«d«r dk Suxn^ PBOt W6Q) and b«m (Ch«g» 
1372) pXentst lAam exposed to lov aona«itr&tlcmg of OAOIM for 
tuD vefii£Si has bo^ rflported to be reduaed s i s tines in aooparison 
to ttm an03908ed plents* Sliailerlsri potato plnats (Leone & 
Qreooet 1074) vhen treated with higher eonoentratione of o^ne* 
fhoved leaf injury eoupX@d with roduoed tuber siae and yi^d* 
Interestingt Beonett et al« (1074) ond Leone ^ areene (1974)» 
vfaile aooonnting the i^ eduation in grovth nad yield Jue to higher 
oonoentrationa of o«>ne» observed thatt i f the oondentr^ti >ns 
snd tiae of ei^sore ig redtooedt there i s inorease in yieldt 
meaning therebyt tl^t affeated plemts reoover ooon ns ^ e aonaan-
tr^Uon i s brought dovn before the visible injury odour?ed« In 
a reaent reportf Bennett & ^ meo^es (3977) grive long tarta 
eiposure of oaone levels that vwe belov those noi^ oaiiy jnusing 
visil^le injury to Loiiuia BMi^tt^rtfl ^^ ^ h* iA2S£&§Jtt« ^^ 
reported the losi in dry veightt leaf area (ng Buah ag 22^ and 
^presged gro%rth of root and shoot* 1!he goaet hag also been 
observed in olf^lfa by Hovell St ssdt^ (1977)» vhere the total 
logg in yield i s found to be proportioi^te to the lei^ X injury. 
In e l l the above r^ortg* i t hag generally been ao^hasised 
that reduetion in grovth an4 loss of yield oo^urs sicatltaneously 
due to oaone. 
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ISSTBTi" iatcmodiSt' iMisteet" 
Oat 
Benoer 
ovohaard grass 
CarvDt 
Pstonia 
£ki4iv» 
Perpilp 
TKI 
Aomtaai 14ii^(rass 
GasuBbsv 
Ootton 
L«ttuoe 
Com 
SMsatD 
BVDOOOH 
Table 3b ; ggnattirfitgr Ml Mffliy i i l f«ti tti n«ng* 
5€DSltlT» lai^MWifi iiiaawi 
Fragrant snaeo 
lingua voaaut Qioraleas honi^ 
Xooast 
Qhlnase XUaa 
Btng oherry 
I«od6asd privat 
Conoord grepa Qo^te aflp«a 
GaaldLe oek. 
onouboi^ ry 
ilopa tf euD 
arofln 6^ 
Bridsa vraath 
Ohifiaasa aprioot 
^f>ompmn s a e d l a ^ 
grape 
B(Laa»laaf hoaiorsuaiaa 
SHvar berry 
siborcn can 
Boropaan baeah 
^ropaeo white 
Bartlett peer 
Virgmia areeper 
^rvay maple 
\flbumus 
Aawiaim liii4«i 
Buroak 
sanaitive oatagory Injured b^ov do pl^f intagnediata injured 
at 4D ppbDf raaiataot damaged at 53»56 pphm for four hours* 
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IJ3 the ooiapXex environment of the le^ge industrial and 
ovben Gsmn oonaidwable asount of maok9 eontaining tsommn 
inoifganlo poXlatentei Is «Bitted in the etaosphere along iidth 
org^^o pollutants* Oaring vinter f^A miny swieonst when 
httoiditsr i s very hii^ and \AxaA velooity i s very lowt the smoke 
does not go 19 aiul get mixed vith the fog (saiQ>ffii8ion of air 
and vator vapours) staking the s ^ invisible* Ihls dirty 
fflixture of mok9 tmA fog i s defined as * Saog*» the terci firstly 
and originally used in London in 2908 (XreshoVf 1070)* f^eaog i s 
generalljr distributed in urban ^ d industrial areas of the lorld, 
Ihe daiaage due to «aog was first of a l l reported by MeCabe et el* 
(2949) in Los Ingsles Area of aouthern California, the plaae 
highly industriaii4ed in 3940s* th9 industrial and urban wastes 
disoharged into the atoosphere at this pl^oe* sometiaes reached 
to a oonoentratlon suffioient t» oause injury to the surrounding 
vegetation* Ihe unique ^pe of injury attributed to the moc 
oonsists of glasingf silveringt bronsingf and soaetLoes 
ohlorosis «3iid neorosis* vhioh appears priaarily on the undersia« 
and af tervards on the ixppm surfaee of the leaves* in swsitive 
orop plants (Middleton et al«» I960)* Injury due to «aog 
oaused orop loss in 195S in Los i^g«las Area* 00sting around 
8 400*000 (Hiddleton et al*t 3983)* 
Ihe exaet nature of soog at that tine was not 'moicit 
while sulphur dioaSLde was one of the well reoogniaad pollutant 
and therefor et y^9 ^o^ly bl^ ^ed for the dioage* Ihis led 
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th« offlalaia ot loa Aagile« nr Pollution i^ntrol otitriat 
te foggtat thF^ t tho proKLoe of siaog daaage tm^ b* tolYod If 
noathov oir oth«r me sulphur diozLd* I t rtnovtd fx-ac th« 
flD^?onmeQt« Hwo^t «B18S1OQ of sulphur dloaeldd m6 oth«ar 
v t l l kDom polluteatfl ri&,mted trm iatSustrlei ««?• brought 
un4«p oo&trol* l^tt ln«pit« of t ^ t ^M inore&glng ^oage iiu« 
t> nog oould aot be ooatrolX«4« Ihis obt^vation had led to 
ooQOlude that th« toxloaata prM«it in th« Aog ar« d«flnitily 
oth<ff than sulphur dioxld* and yaovn poUutants. 
MiddletoQ at isa* (1060) reported that t^% toidoantt in 
^« mog ar« oxldlaing tubttanaaft iMoh or* air borna nnd 
r«sponslbl« for orop d o^aga* Lat«r on^ Haagsiwasit (1962) 
doaoiiatrated that th« toadoents present in th« asug are not 
at all ioittad into tba atnospharo diraotl^r t^oa tha souroast 
ifhilt thoQr are produaed in the atP»sphere as the result of 
photoah«ai9al osddation of unsaturated berdroeorbons alth^ bgr 
oaone or nitrogen dioi^de in the preswae of sunlight. 
Aatualiy light mmtgy splits nitrogan diosdde Into nitria 
eidde m^ atotoie 03Q g^«i. Latter unites either with tiM 
Boleouiar o:Qrgea to form oeone or oxidises the unsaturated 
bgrdroeeartams into various oxidation produats* Baagen»9Blt et al« 
(106S) hafe produaed *93mthetio awg* aft«r passing a mi^m 
mx>vgxt of osone through a reaction tube along with hQ d^roaarbons 
(obtained f roa autooobile engine ea^aust) • vhiah wns eapable to 
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aaaso inju)^ t» ttw pXents similaif :o tfaitt <»u««d by natortO. 
«Bog» «agg«ttlne ^«r*ltrt ^mt tho t«na *aBog* 8te>uia be 
oopreotly (NOled at *Photo*oit«Bi<ial AjU Hast*, toxlaaQU M 
*0:d.4«ittS «aog injury at *0xL4an« Injury* ond th« poUutloa 
at *Photoah«BlQaX Mr PoUutLoa* o? *CoaBQi&ity Air PoXIutioa** 
Sht nature of air borat ptotoahflBiota oxtdjentt hat also 
batn a tubjaat of ditputt* H«agin»ittit t t a3.« (1952) fuaigatad 
plantt vith a aixtura of oaont and untatura^id l^droa^bsns 
cmd obstonrad thcxt neitiiev etona or tqrdrooarbona aiona nor ttia 
tnd prodttott of l^a raaationt i»#« orgaoio aaid and aldthydttt 
yart ab3.a to produoa uniqiia esdldant 8iXv«?ing» Xharaforot thty 
tuggtitad that ^la to si<mnta auiat ba ma iotaraadiata produata 
of tha otona and hydrooarbon ra^ation* potaibly m oaoooida or 
ri^atad p«ro:dlda» 
Iba suggattion of Haag«D.aEait at aX« (2982) nat Xatar on« 
ohallangad ty mtlv • t al , (1989) t ute prtparad o^^nidas from 
Vpantflna and a»p«itaQa and fusigatad tha tansitiva pltmt9» but 
cR>uld not gat my c^ind of injury* Ihiy tuggattad th&t t^a 
eaonoidt art ttabla ipaoiaa vharaatt ^a aotuai tosdoanttt 
produaad from otonation of unsaturated hydro ot^bontt t^v un« 
atabia tpaaiea v l ^ tba hieaf l i f e of not more iStim a fav 
minutea* Qiey neaed tba toxiaanta as trantltory o4one-olafln 
aoapHasb Stephana at ai« (W66) oouXd reoogniaad an important 
photoatiamidax oxidant i»e» p«ifo;Qreaatyla nitrite (PAIl)t formed 
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fti an to4 produot vhan lav aonacntap&tioDg of olefint <^3 nltrogw 
oxides in th« nir iraro sllov«d to r«aat at high t«Esp orator as* 
Zhii vas th« first Isolated ooi^ potuid of the oxidant sroT;^ * of 
«»g (iiioht 3064)» tihlah oaused th« soaae unique nnd typical 
injury cns^tons lii^e thnt of ssog oxidant (Diylori 2d69| and 
QtarkiOr et 8l«t 3076) • 
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gQXier <»try m^ meahcajga oS injury t 
Photoahotdaal oxldsAtt inaS^ udinff PABy «oter isto t))« 
X«ev«s tl»ou^ matar« and funatLcmsl 8%»i&ta pr«8int on tli« 
Tand«rsl(S« of tho l«a7«a (Boteovt 2d6% KoriU A MmU 10S3| 
crater ^t sa*t 2 9 ^ an<Sl i)ugg«r •% tfL«t 3962} • Aftor gotting 
Into th« I««v<Ni tho oaddantt aau8« injury first on t^e imdo sldo 
of tho X«ftV08 of MnsiUYo plants ••g* tndivot spiAftohf roaaino 
l«tttto«t $9se^m ond soger bottst toaato* btant |;2§ JiUtt ^^ 
rioo (HidSleton ttt &l«t ]08O| HangnwaBit ot al«« 2088| Boteov* 
19S8f Hiddloton ot ai*, 338^ BobvoTt 3d65| Oarlsy ot al»» 3d99| 
Oilggtf t t e&«f 2962| XfisrXor* SS^f JUIMRI Ot aX,» 3057} H««at 
2970| FodtTf 307O| Mmmiag & ?«rdaro» 307Sf Brsnnan d: Iteadc* 
397S| R^snora ot el»» 197R| Hatsooka at ia.« 3d76| 3ta^ «Qr 
at al»ft 3d76| sod Qionpson at al«t 2976) • 
Bo««f«rt oontoBitfiyat uppar Xaaf sorfaaa injury oaatxrs 
vKsn tha lovar sorfaoe i s axtraoaly dmagad» axs«pt in thosa 
plants yltim9 tha stooata ara fraady praa«nt on apnar mirfaaa 
a*g« alfaXfa (aiahf 3d64| Xrasfaovt 307Of md Sioapson at al.t 
3976) • Zn tha plants vhare tha stcmata ara equally dlstrilxitad 
on both laaf surfaaas* injury ^paars on bc^ th sidas sinultan^ 
oaaly» ••$• «idiva« Soatt (3980) and aoteov (3952) suggastad 
that injury eaours only on tha laavas vhioh hava Just baooma 
funotional ba^ausa of tha laak of aulwri^lldn of ^lasa aa(Ils» 
%ihila on tha ottoar hnndt oldar laavaa ara rasistent aua to 
tha davaiopBient of subsrin* Later ont i t has been widely 
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MOtpUdI that the !«&••• vbiah hav« just ooaplet^ thdr 
aaadautt •aqpantlon er« isost smsitlv* then tht Viry yoisig o? 
oX<S I«av«a (lilddltton et aX.t 3d53| BslveVf IdSSf QLatw et al«» 
ld38| 2kQr2o7t 2960} Baif» ld70| aQ4 ans^aon at aX.t 3976) • 
3!i« 4«talla of the aatloa of oxldantt h&vo IMIOR dttorlbad 
ia the ol4 Utoratore (BoteoY* 2962t 3dS5t Hlddleton & 
Biftgttwaiitt V»M O^Uae t t al«» 2962| Hioaaon at al,» 1966| 
and Xrash»¥t 3090) In dltf ermt pa^ta auoh aa splaaohy oatt 
£S3 JBBS!^  andiva and HiaotlaiMu It haa hem ansgaated that 
onaa the photoahasilaal oxldaota enter into t^e atoB^tal jhamberst 
thay atteak on the oeaopltrSl aeila preaent on tiie under aide of 
the leavea* Boteov (29S2) and Crater et e l . (3968) atudiad 
thia partiouXar phanoQenon and reoorded the oeUa of apongjr 
pe?enah)rBMk looae ^elr p^meahillty aa the reault vater 
aigratea f son then Into their interoaOllnXev ^aaea and later on» 
in the aubatosatal ohaabora of ati»iata« Ihveafter, the guard 
oelXa of atoaata along with other epid«mal aella preaoat near 
i t t alao abaorb vater and roiaed up aboire the aubatonatal 
9haab«ra giving en bHater like appearanae (the fi^at visible 
syc^tom)* Xhe gua?d odla inareaae in v id^ reaultlng in the 
opening of atoaata* ^vever* i f ^eae aella are ezseedingly 
diatortedf they will pensanently be ruptmred and ooliapaed 
reaulting in the olosing of atoaata (Korita & Wentt 2953) • 
f^ thifl tioet epidermal aella alao get oollapsed fii^at 
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Qn4 3.at«r out b«a(»M turgid W abiorbiaff vmt9f§ giving ths 
cndtrsldt of tiM imva a i^lQjr an4 v&%« to^ s^od C9p«araao«* 
HovBT«?i If th« tumlgetloQ at thl0 st^g« ao«fl not aXlowtd to 
proloQSt ^« turgid aslXg oay reoof^ of t«r f«ir houra iMt'Ving 
no trfia« ef iKlsltOLe injury* At ^« vat^ soaked stage* if 
the aonoentrotLon of oxidants i s not high ond time or ei^ osu r^e 
i s i ^ r t t tii« %mv«n showd ahlorotia tfmptMis %liiah saoording 
to Boteov (2952) vas due to th« pXaioslysls and dsnth of th« 
ohloropXastt in Ximited nuabor of asQLXs* On oontr-ry* if the 
donaentration of tosdoants i s hight the spongy parenatasTBa oslXs 
gtt d«taordnig«at«d and shruiAc to fom large aijp fined inter* 
odular spA9«« betwesn theut giving en silvering or gXa«ing 
sppeemnoe on lover surfaoe of the leaves vhiah oould not be 
reoovered* Soon after* the und«r surfrtoe resiaaed the siXvering 
or bvon^ sing eppear^noe* the upper sorfaoe opposite to t^es« 
sUvor Xeaf areas beocaie Xight ooXoured c^ s the aollepse extended 
through the Xeaf f^ 'oa lover aide towds the upper one* Ihis 
pattsra of Injury i s found in vevlous plants soae of then are 
^inaah» been« sugar beets* rloe and alfalfa (Bobrov* 196S| 
Hiddleton & HeagsB^ t^tit* 196X| ^aoh* Xd64| Qlat«? et al** ld62f 
Baes* 307O| I9ai£eBu;ra et aX** X978f Svn^son et aX** 3d76t and 
Starkey et §1** X973)* 
^ennan & ahoads (1976} obsen^ the typioc l^ ayiaptom of 
injury on b«o leaves in the form of upper aurf^^e stippling* 
vhioh und« savere oonditions ia^aired with lu:on4ing* Ihe 
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ayiBplDm devttXopacnt could be <so.reieit«d with osX^ent ooQa«i» 
tratlon* In an eari i^ rsportt Ha«3 iWTO) obsffi?v«cl bronzing 
and neoroUa atippllng on bean leaves as also been observed 
by Feder (3970) and Hanning & Vardaro (1079)* 
In teres tlnglyt Starke^ et al* (1976) recorded abaxlel 
leaf surfaoe bronilng ooupled %ritii adaxlal stippling «Qd 
sometimes Mfaolal neoroals In beans* due to t^e ejcposura of 
hli^ ooDoentration of PAK« Relative sensitivity of pleats 
to Smog and PAN has bem show in Tatle 4a & 4b reiQieatlvely. 
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^ ^ f a t ftn nhi>to«vnthit.ii« and y«n*iyftM»i| , 
9oae ot the treats o^  ptotoahaaiaoX osddentf (oJonatiKl 
I»h«3Bn9} on th« rate of photosyntheaii fm^ rvspiratlon Imvo 
bean sti^aid tgr eerly v>rkeF9 (vr«adlng & Ipiakeant 39S5| and 
Brl^son & Ueddlngf 3d&3}* Diear reported that ahlorophyll 
oontdntfl in du^cveedf eiqiiosed to oaonated ]i»heic0£ie fo; 24 hours, 
vag reduaed about 00^ iAten the control pimits. Loss In 
ahlorophgrlX oeuised ao^ reduction in the rate of photosynthesis 
in e3q;>osed plants* Further* th«y also dsmonatr t^ed that the 
rate of respiration vas stimulated. Weeding & Bri^son (1955) 
using radioaati^ phosphate* reported that the oxidants resulted 
in an inorease of peraeability of the oell Bsobranes in pinto 
been leaves and potato disost vhieh vas r^ated to the visible 
injury* l«ater on* Ibdd (1956) dfoonstrated that respiration of 
^ e ISBKm fruitSi ei^sed to osonated hexene* inareased 3*5 
tiaes thf^ thB control ones* 
Itodd & Q«tffber (1958)* furthtff* studied the effeats of 
oiddants on photosynthesis and respiration of pinto been plants 
find r^)ortod thp-t the rate of respiration injroosod rsore than 
four times in exposed plants than the <^ntrol onfts* Ihe rote 
of photosynthesis v^a alao signifijisntly reduaod. :'urth©?, 
they have also reported ti^t thofo vas no ilmnge In the rates 
of photosynthesis "^nd respiration until and unless visible 
injury oaourred on ^ e leaves of treated plants* lesently* 
NaJcaiaura et al* (1076) have detaonstr^ted d^sreased rate of 
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photoaynthesis In rla« plants r l^Gtod to th« vlsihl* injury, 
vh«n 0spo80d to the ohotoii^^aal o^ddmits* 
The daoaging eff eat of photoahftniaal oxidants on ahloro-
pl&sts hat hem dooonstrated by Stephens et ni« (3^1) fmd 
Ihosiflon et oX* <1965)f tJtX) siisaostecl tbpt this injury nay be 
aoupled vith the inhibition of some QQ4yDatic a}tivitie3 
neaessary for ptaotophosphorylationt whioh aire essentia}, for 
the proaess of photosynthesis* Ougger et &X« (1963) have 
oonfirmed the earlier report and deeonstr&ted tiiPt the photo-
ahoiaioal oxidant (PAH) inhibits the photosynthetlc aerbon 
diosdde fiisi^tlon in spinaoh and pinto bean plants* Oenei*ally» 
i t i s believed that photoahei^aal oxidtots aj*e hasrafu: t^  sone 
en^yaes as th^ oxidise the sulfydryl groups* uhiah are 
neaeasary to the proaeas of photosynthesis (Muddt 1963| and 
Dagger & Tingt 3070)* 
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Bfftat on ggotrto en4 arici^ t 
Oxidants ooou^ing la th9 natuirai aonditions aouae 
slgniflaaat adTfirsd off#3t on th« plant growth, Sl«ptadfa« 
(3052) Piportea that til© growth of rye grass i'«auaed aon«id«r« 
«^ l4jr due to ojddp^ts proseat in tho saog* It has also been 
demonstrated that the growth of alfalfat duga? beetf endive* 
spinaah and toa^to was s^ppressedt when the plants were grown 
in oxidants oon^anlng seog than the plants grown in oontroi 
(Hull & Wsntt 3962) • Lmtesp on» Korits & Went (3953) observed 
the ^feat of oaonated 3i»he3cen«» during lightened periodt on 
the growth of fumigated tcsaato plants ^d I'eoorded th^t the 
grow^ end f r e ^ weights were reduaed oonsiderahly than the plants 
fiSBlgated in ii»gkt, However* there was no aignifiaont differenae 
in tdie dry weights of th» plants grown in dix'f erent ^vironraestai 
eonditions* 
Ihe diurnal fluatuation in sensitivity of ixsn^ ooleoptile 
alsost aertftinly resulted due to variations in oxidant oonoen* 
tration during day and nightt ai^ the alternation in aurvatui^ e 
ao^ialiy resulted froa e^ x^tsure to oxidants (Hull et al«« 19S4)« 
.ieduation in growth only as ^ e result of aaposui^ e to oxidants 
present in the fsshlcnt air has been deoonstrated by aodd et al« 
(3056) in Kentia pala» sensitive to the oxidants. Dhe^  observed 
that the plants gro-im in \sif 11 tared air wore smaller in si4e 
and the leaves were s^mted than the plants groim in aarbon 
filtered alrt whioh were oonslderably larger having ifyrger and 
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<l«tfl£ gre«i Xe&Y«9. JSaylor •« al^ (19S8) found tmt in Avoaado 
saedXlQSSi vh«Q exposed to ^« x'«aatloii p^ o^duota of oaoot 
olefin r«@dtlon» the $tm Aongation v^t reduaed to 56^ « leaf 
vidth about 3Bi$ leaf length about 36^ and atea diaaeter about 
23^ than those groim in noiraai atsoaphere. Uio of Tea t of 
o^nated gasoline and o^onated heaoane on ttie growth of pinto 
been» red ladney bean and aias^a pea vaa atudied in detail bgr 
Ibdd & Gorber (]d88)f vho obaorved lowered growth rate due to 
low oon^entrationa of oiddanta exposure In all the aaeea wl^iout 
TTiaible injury on the foliage* Furthest thegr aiao found thcit 
the lervea were saaUev in ai^e tdian the plants grown in normal 
atDoapheria eonditiontt though thegf were equal in numb t^ 
sttggeatiBg thereb^t that oxidants inhibit J<^11 axp'^ nsion. 
iedujod growth of beon plants due to eapoaure of low xtn^sn* 
trationa of oxidants has also bssn obae^ ired by Feder {2970)» 
In addition to the above aited reports* where the growth 
haa been found to be reduced without any lind of vial le injury, 
there are few eaaoplea indioating t!iat growth aa well yi^ Ld of 
the plants vaa also reduoed due to oxi^nts coupled with visible 
injury. Hasa (3970) r^wrted that the oxidants redujed the dry 
weight* growth and leaf slse of oean plants related to i^e leaf 
deoage* In yet another V!:>r^ » Ihompson et al« (1976) reported 
thrt alfalfa yield waa reduoed to a out 33«3 f^ when expoaed to 
the unf 11 tared oxidant oontaining air than the control planta 
grown in filtered air and taerefore* auggested that reduoed 
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yield %ies p&r&lleOL to the aonaeDtvatlon o£ osddents ^-nd extent 
of Xeof daoage* i^e vlalble injury aoupled \d.^ redustion of 
?io« yield has been ri^orted tor HaSfaeuira et ol* (1973) due to 
h i ^ oonoentratioQs of oxLdsoti. In the filtered rdr rioe 
plente t^ d oore peololeg and epikeSLetst higher peraintage of 
of riptfied grains n^d yitf4 then the plants growi in unfiltered 
air* 
Iftl)(lo4a: imnnltlvltY nf olanl 
l«M-*WU5Vt?'J'Bi^ f^iffrjTt ia,te Jj>.t\gy ?o 
SonsiUvt 
Boeys* ooBSBofit 
Sold«i oXuster 
plAk 
pinto 
small i«hlto 
B«eQ» lima 
fiord hook 242 
Cfldflopy 
B«et 
^ d i v o 
aomalAt 
le t tuoe 
Splnaoh 
8«l i t ohard 
Alfalfa 
Oatt 
sadaa gragi 
Petunia 
Intarmtdiata 
Vegatabla Crop 
Onion 
Paralay 
Parsnip 
Turnip 
Chinaasa oabtega 
Bggplant 
Lattuoat haed 
Mustard 
Paa 
Hadlth 
!Sonato 
LB^ 
Potato 
Tg99 Crop 
Fiald Crop 
Sugar beat 
Svaat olovar 
Barlagr 
Muaterd*1alaak 
ovhita 
Omancntal Crop 
ChrysanthflDum 
Garaas (Annual rye 
and Parmnial rya) 
Jasistant 
Baen 
Bountiful 
Kentuoky 
Wonder 
Brooooli 
Cabtega 
Cauliflcver Com 
Huskn^on 
Carrot 
Grape frui t 
Lemon 
Orwiga 
k'heat 
BlaakcQrad 
bean 
Vetoh 
Grass 
(Beraoda and 
Kontuoky blue) 
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Qnepdragon 
Larkspur 
CaXandula 
Lobflilift 
China attflP 
3weet poa 
Paoc^ 
Stoolc 
Dahlia 
Oaliardla 
Viola 
Whltt alovar 
iCalt 
* Adapted froBi Saonas & Hoodrlaicff 2006 
i^bi«4b:Mya|lxt. 
sensitive Heslst&at 
Crops 
$plnaah 
Endive 
Oats 
domalne lettuae 
Swiss ohard 
AlfaUa 
Beans 
Petunia 
MlBBllUS 
Snt^dragon 
Primrose 
Aster 
Annual bluegrass 
Plsveed 
Chlolcveed 
wild oat 
Beet 
Com 
Celery Ptoper 
Xbraooo 
Clover 
Ornamentals 
Sveet basil 
Fuohsla 
iD^atlens 
Mint 
Hsnunoulas 
Weeds 
Mustard 
Jlason veed 
Do ok 
QroiyE^  oherry 
Cabl^ ige 
Cauliflower 
x^ ihaberb 
Carrot 
squai^ 
Caotaoeae 
Anthurlum 
Bromlllad 
Calendula 
Ceneilla Carnation 
House plants 
Onion 
Corn 
cuouDber 
Strawberry 
Orohlds 
Ooleua 
Cydamen 
Ivy 
Narolssitt 
Lily 
^ Adapted from Treshowt 1970 
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iiit»og« oxl4«s er« fleiitNd into tli« fttnoi^licr* la Xorgm 
qpiaii«ltl«t ttm wm9 ooateftioa pvooessM in oat BoohenioaS. 
aooiotyi •upMiaUy trm incffiolocit oombustloii onglBcs* HoiMveVf 
if intefn^ oomteatloii «B8iB«f %d^ is^oTod ^fiaiciay scd 
redaaed tijrdrooartDii oiission a.^ e monufaaturedt aosQ of t^ @ ai? 
poXXutanta %dlX dafinitoljr diainish but not ^e osddes of nltro-
gWf beoauaa of the faatt t;hat B3S^ ooalMstioQ pfoaoss vtilah 
pToduodg high t«Bper«itur« in tto proasnae of nitrogen rmd o^ orgen 
itiiXl yi^d nitPogen oiddds ^» ooabastion prodtiat* Ov«r 70^ of 
the nitrogen oxides in l^e atB»>iphere originates fr^ s^ ^atoBohiXe 
eidioastsff hov«iVQr» sigoifiamit aontrihations a?e aifo provided 
by d^bustion of ftiiiXs used in the heet nnA pover genereting 
pX^ts. !£he eetiu^ted ^sXly mslwslott for Los AngeXs in X96d 
wa 660 dons of vhiah approxloateXy 60^ v&s from vehiauX r^ 
aouraes (Z^etfiovt IJ^ TO}* 
Assent air aeas^ofsmmts (Sohadk et eX«t X966) have 
shov) the avevec^ e aoothXy oonewitrations in Los AngeXes to be 
20*30 ppte during vinter emd about 30 pgUrn in the smme 
seaeona* aona<»)tr&tiona in ^ e saogy days mey be auah hi^er 
and on sose ocKieilons bave exoeeded the * alert* Xevel of 3*0 ppa 
(Bosh et ax«t 1062) • Kat^ s (id@6) in oontrastt suggested the 
noroaX Xev^ of nitrogen oxtdet i s n.boi3t 3,0 ppn in aXear days 
end 40 ppn during the days of reduaed visibil ity. High levels 
of nitrogen oxides ooourred at aigriii s*r^c iurin t dey tiaes 
the oonaentr&tions are reduoed by partioipation of t^ «n in 
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photoohemioaX r«aotions. The InvolvaDent of nltrog€Q oxideg 
in photooheBdoai roaotdons In th« ataosph«r« during daytloe 
r«8t3lt8 i t s reduoed oonoontrationi, Xhooas (1961) stated that 
i t Is iBpossibXe thsat the oonaentratlons of nitrogen osddes In 
atnoiljhere vlXX ever aacnaauXate to a XeveX that viXl oause 
signifioant pXant damage. 
Long before nitrog«« oxides vere reaognljsed as urban 
air poXlutants» pXant damage froa nltrlo aold fmes have been 
observed near ^ e faetoriest handling large aootmts of t I s 
aaldf and the symptoms of Injury have besn desorlbed as tip 
ytlXowlng of grain Xeavesi bright yeXXov needXe tips in 
eonifers» and the appear^ae of daric «E>ots on the leaves with 
larounit^ margins in l»road leaved spe;2ies dhomas & Hendriai^ st 
1956) • Besides thisf a l i t t l e work has been done on the 
nitrogen oxldest and i t s «ffeots on the plants because thsy are 
not found in the atmoi^here in piffiaient (|uantitles to oause 
dfloage to the vegetation. 
Janone (1954) in Italy, WRS ^6 first to obse:'V9 tiliQ 
nitrogen dioxide injury in the field. This gas o^ ^^ jises neorotia 
stem lesion* defoliation and death of peaoh ana bladk looust 
tiPees* g^rc^ M^ ns ^peering on peash and oherry leaves oonsisted 
of sraalX neorotio lesions between the veins* Recently* Ihoc|)son 
et aX, (19?0) whiXe working on oitarug tit^s, i^ aported that the 
e:!posure of low levels of nitrogen dioxide caused Imt necrosis 
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and X«ef defoliation* 398ld«s« fiend ttudsr few vorkerg tn^ vt 
dd3drib«d the «ffeats of nitrogen oxldot on tht dift«r«at pleats 
\mdm <3ontfoXl«d tuialg&tion ttspeapiBMQtt. Katx (3056) r^o?t«d 
that nitfogen oxld«s enter into tti« X«&W8 throurrh nature end 
funotionaX atoai^ tay jpvesent on the old^ Ifftves of the pl^^te* 
39ie absorption of nitoogen dioxide by ^ e Xmvmi t^ irou i^ 
•too^ta hiae f^m been deoonstrated bgr mngfG^  (1967) in alfaiia 
and oat* He observed that in dayli^t the atoasatai s^ e^  tm e^ 
vas SC% lajpger in pifesenae of nits^gen dioidde than in filtea^ad 
sU i^ stiggestinf ^m&b^B tN t^ i t aliovs ao^ 'o gas to '^et Into 
the leaves* Fu3rth«ri his studies on s^^aatal responses in oat 
ORd alfalfa revealed that oat stoaato qoia^ sXy silosed in dark* 
bnt alfalfa stoaata reimined open ifhen nitrogen dia3dde was 
present in ^ e atmosphere* 
Benediat & Breen (306S) r^)orted that nitrogen dioxide 
saused tvo t^es of injury* She priasry s^ &^ toma v<»re ^ e 
QoXlapsedf irireaular shapedt ffiall noarotia lesions appearing 
betveen the large seoondsry veins near ^ e leaf ts^glns* A 
second esi^reseion consisted of a tfia^ ort iliin^^ g.^ ean joating on 
both v^pmf and lover aurfaoes of pigweeds on upper surfase of 
ffiustara and ld%r« mrfaae of leaves in kuntud'>£y girasa* "Stm 
aomontration of gas in their esiperia^ts ranged between 30 to 
50 pptt* iihi(^ i s HDt usually found in the atmospheire* 
Hiddieton et al« (3938) reported th^t pint> l^ eon plmts 
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v«F« nuoli aort »«isiUv« to nitrogcfi dioxld* &o4 i^^qaU^A 
•iQ;»08are of only d«0 ppn £b7 four to « l ^ t hoars to aeat^ 
«i8il4« 4awige« It hag b«dn .^ opo7te4 Ir Bash st ai« (2062) 
that 3ov oooaflcitratioiis of nitrogm dl03cLa# ?«atilt«d la 
c^Oosoaii iMah «&• folloved }^ nearosit la tti« treatod pXautt 
of pinto bMii* Contrarsr to ^I s* Ibylor <Sb Eaton (19^) 
reported that no iKlslble dieaage oaaurf«d In pinto btant oiqposed 
to a oon^entratlon of nitrogen dloaddt baiov atont 20 ppn for 
fonr hoar81 howfart c^ ^va 30 pgm oonaentratlon« sys^toas of 
injury ^e^alopad on tho l«ives In tlia form of Intaroostol 
noai'otl3 B»^ iElngf« Siigrtfar^eri reported that oontimioue 
eiposore of pinto be»n plants to a Xov aonasntration of niti^ ogsn 
dioxide resulted in a dovnvard aupplng ^d dai*]£er green ooXour 
of the leaves beaause of tho Inereasod (intents of ahloi^ ophylX• 
Xhese findings vere ageln In oontrast to ^ e r^orts of 
Bash et a&« (296S)« Intreetlngly* thegr did not obsapve miiy 
ehonge in the rate of photoasrnthesli Insplte of en increase m 
ahlorophyXX oontents* £hls vas sof be^ iause the sl^e of the 
Xea^s In trec t^ed plants vas oXso reduaed aoaoj?dlngXy« mis 
obseriratlon led than to biggest that lnarea«ed aaount of 
(tfiXorophrXX Is dlreotly related to ^ e Xeef 3l4e reduotlon v l ^ 
no ohenge In ohXorephyXl aont«nts p « Xeaf and tii«ffefore,there 
vas no ahsnge In tfee rate of photoaomtresis. Iht earlier r^jort 
of Bash et ex» (296S) that ^ e Xov aon^ent^tlons of nitrogen 
dloadde Bxpomx^9 for sueeetslve dss^ st aeused mafkod jhiorosle 
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oa tite te8«a. X«av«i of Biaotltwi^ gltttUaQ«a foXIoved bgr a««ixoslt» 
vb l^ vas later oQf aonflfawS lisr fiorlor & Satoo ilBOB) m4 
^MVBisrt (3976), 
Ibtt&tD pleoits bairo boda fotma te» b« laogt nmaitiym to 
th« nitrogfc dlioad4« em i^ tpopttd tigr ll&ylor a Baton (3j366) and 
Cepren & Hanafidid (IdTSi 3077) • Siorlor & Baton (196^) reported 
tii^t te i^ato plants vai^oMa in tha sma vay aa vaa found in tiia 
baan plants i«a« tba lav aonaantrations of nitra^an diosida 
vaaultad in dovnuard oup-^ lAg of tlia laavas vith daoraasad laaf 
alaa m\xpX9A \Ath ino?aasad ahloroptoni oontantst without 
flsibla injury* Hovavart tha grovth of traatad plants radusad 
signifioantly i^<^ vat latap on oonfirmad W ^spron & Hsesfittld 
(ld76» 3077)* UngiB^  (2067)t vhila studring tlia folinr 
absorption of nitrogen dioxLda tor oat and alfisafat found that 
sapaFata thres hours ftsslgations vith «>naon rations of e*0 and 
4*0 VP^ of nitrogtn dioxtda raspaativ^L^t \tmt% gaffiaisnt to 
oousa visiiaa injui^ on tha.laavas* '^^ injury lom^toas vara 
in tha form of KLaa s^d intarvainai lasions* Hat furthar 
dasoribad ^a aissalativa tffaat of tha pollutant nnd raportad 
th^t six hours fuciigations o^r aaah of ^iraa suaoassiva days 
at 20•O ppm failad to aausa injury* but on tha fourth dsy alfalfa 
laavas shovad oharaataristio neoreUa oariiings. l!ha affaotad 
laavas shovad da&aga of ip^ngy parsnakiyBa aalls while palisada 
aslls ^^9 not injuradt hoitfaveri at vmy hxgti oondtntrations 
tha palisada a«lls hava also bean found to ba injm^ad (HaoLaen 
77 
• t al«» 2967) # Some of the 4r&sU9 eff«atf of txiMdlngly high 
oonoentratloiis of nitPogon diosdlde on aitrus and soiM omsawtaS. 
pXofita hav* bofin detorlbed by Hai]i««sn t t ea« (ld67)i 2D to aoo 
ppn of the ga« exposure for a duration of ten alnutea to eight 
hourey eaused re^id tisime oolXapset nearoeie* ^ d up to 300^ 
defollatlott. TkM early ifat«f los ing flyn^tomfl appearing firet 
on the upper leaf gurfeae» indioated that palisade aelia vere 
aost rapidly injured* ?ery l i t t l e information i s a-v«aiabie in 
the literature en the effeats of nitx i^o esdde on ^ e plants* 
Bovev^f some studies haire b@en brou^t in light liy Hill ^ 
Bsimett (107D) oad aepron & Hansfiaid (3076t 1iS/77)» %iho fmmd 
that nitria oidde inhibited the net photoayn^esis in oat and 
elfalfat and tMsato pli^ts respaatlirely* Ihior have also 
reported ttmt ttie grovth and rate of photose^nthesis vaa reduaed 
vh i^ was an stdditive effeot of ^e nitrogsn dioxide and nitria 
oxide* 
A irery Intrestiag information has been put fos'varded 
reoantly l«r Phillips et al« (1077)i vho oonduoted a study to find 
out the effeot of nitrogen dioxide in «he field on ^ e radial 
growtli of lotilloty pine and observed reduotion in diameter of 
ctain trunk grov^ idthout any visible injuary* 
V ; - '^USI " • CO V 5L/M UMVER 
It i s in^robable that l5y<Si?og« sulphiao aomd ovea? i-enoh 
a oonaoatiratiotit la tho op«i attBOi^ hwfOt suiM^ient lk> taause 
plant <lei8ag« oxa^t as a result of an aauldsnt (Xhoaaa & 
HoQdrlc&tt 1956)« KtafOlen et al« (2996) obs«rvad alight 
injury to fsv ^aoias of plants faaigatad vith 90 to 40 ppn of 
hydrogm solphids for five hours* Injury vas i3oi*e severe with 
the inarease in toapn^atare* 3he lesions <ionsisted of sooratw 
ing of youngestf rabidly elongating leaves while oatupe leaves 
vere qniajured* In tiUs vay hydrogen sulphide injury dir ers 
sharply from sulphur dioadde injury. In their eiQ»eriiaflnts the 
most seDsitive plants vere oomost toiaatot poppy* salviat 
aaauBiber» soyabean mi aster| inter&adiate sensitivity vas 
shown by oornt ba(££iiheatt sonflovert gladiolus* aaster bean* 
end pepp«pf vhile resistent ipeoies ««re ooleust peaohf 
strnibsrsyt ah«rs7t and ei>|}le* llovevcBr* l iae sulphur ^rays 
on fl9)ple trees (Brody ft ahilders* 3dad{ and MaCallai & 
Wileowti* 1831) sometiaes oeused leaf injury* desoribed as 
waorohingt ^ilorosis and neorosist slMlar to that of aausad 
by hydro gsn sulphide* Ihe ef feats of elsmental sulphur on 
fruits and foliage in oitrus have been desoribed by ^^ urr^ Ll 
(19Q0)t ^^ suggested that at high temp«ratures sulphur i s 
volatilised in the pressnae of stsilight into hydr^cen sulphide 
csnd sulphur diojddef so that the injury ap'^ eared yas «3ue to 
these gases in parts* He stated that injury o^ sourred on both 
leaves ai^ fruits in Imiaid oostal regions of Call form a. 
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vhioh vtm oosfiaea to t^t ploat parts 6iQ>08oa to direat ^nlight 
when ^M adUp tOBpofaturft had •a(i«e48d JOO^ F, In^ary on tise 
19&V9S IAS aonsist«d of noaroslc r^siging f i*c»a aaell spots to 
oxtmsiw Bt9em$ 1MI9 on ^le fruits iniury ^onsist^d of vhlts 
temtHnamt g^to iMah bdaea« pinic Xator on* 
Hair & SatesBoay (1S69) <£t.d vork on sU9 plmtt and 
riportod tHat ^^t^^^f^m sulphi4« rdduoed grain yield and tlllftr 
forantion* Htm roduation in yii^d of ricM plants has ^so \mm 
reported ^ AXleei & BoUis (1078), !l»l«e«BX*«ri & S^i^a (1970) 
have rsporttd that hSfdrogsn 8ti]^hid« gat 1^ 4 n«gativ« afisots 
on seadsf grov-^ oad davaiopnont of raddish sa^dlings* Hovav<Bf» 
pravlous traatraant t«ith nagnasiua solution rasultad in the 
inoraasad rasis^nt of plants against tha traata^nt of this gas* 
kXXm & BoUis (1973) rapertad drastics inhibition of 
aatallo mmyem «aah as osrtoabroma oxtdasOf and poXyphenoX 
oxidasat nhila ^sgr vara vori;2iig on rioe pX@nts* l^ «s^  he%^  
aXso rsportad inhibition of tha astivit^ of aateXasa fm^ tha 
8m9 has also hem rsportad Isgr aDliroin>X*«ri & strikha (1070) 
r in addiiii pXents* OXiva & stauMng (3076) obsa^vad that Xov 
oonasQtrations of hydrogen (^phida did not affeat the nonaaX 
aativitias of igiinaaht however» when the plants ve?e asposed to 
high oonaentratiQiis neorotio aaridtngs appeared on the leaves* 
Ihey reported oonsid^abXe reduatLon in the rate of photoaomthesis* 
liovev^f the rate of respiration inareBsed at iow aoncontration 
exposure but of t;^ soaetiaes beoaae at nonaal ratet thereby* 
sa^esting that respiration i s X9s9 afi'eated than photic synthesis* 
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Plant Injury hat been tp?>ae4 to aEuaonia derived fr xa 
organic aooraea suoh ag urlne» ^ttoa $eed Meal mid animal 
oanu^e* In addition to tl^ ose organio souroeat ino^gania 
aoupoes au^ as aqt»a aBisoniat enhs^ drous mstsonia nmdl aaaoniiBs 
salts have alao be@R r^ortad to be injurious to the plants 
and plant parts vhen pl^ '^ oad too alose to the root aone (Oirogen 
^ tHimf 1066) • Amoonia has also been fomd in the atzaost^ here 
originated from various <^abastion proaesses in^sluding dooestia 
Inoeration end eutoaoblle enjines* A&Ment aonaentration 
of eQc»nia Xroa these souraes as high as 300 ppm has be«D 
reported at Los AngiAes (Jholak* 2dS2)* 
Ihis pollutant enters into ^ e leaves through st>i3ata 
as vail as throu^ the ornaics present on the plant parts 
whore i t gets aaouaulated in Ionia tfom and jauses injury* 
Ajtoaily ataaonia fo.-ms alkaline solution in ^ e leaves and 
the alkaline reaotions result breaitdovn of the oigtaents and 
sabsegpent disooloration (i^ sBsaOT* l^d}« Ihe pattern of 
injury oaused by this pollutant i s different Sson the other 
pollutants* nearly a l l parts of the leaf attain a oookod 
gresn appearanae whioh beoooes brovn vith the pi^ogt^aa of 
tine* Ihomton & Settcrstroo (104D) vere aiaong the fii:'st 
Mh> fuDlgated vhole plant vith ammonia and r^ortad that 
ei^sure of 40 ppn for an hour oaused injury on the foliage 
of tosatOf sunfloveTf but^vheat and ooleus* Oonaentrations 
belov 8*3 ppD for five hours produaed slight injury, nnd the 
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aiXdett inJuTy aytaptoma oonslated of B(y?^li»i ahXo^osii Itaving 
senainlng portion of tho imf normal, 
3«ftodiat & Br«e& (3065) ut«4 lov aona«)tratlons of 
aac»ni& and r«port9d that 9 pj» of tho gas 9eiU90d noorotla 
lations on th« foliage of finsltlve plants l*a* mustard and 
sunflovar* Usually ^a 8yeq>tDms of Irjury ara in ^a fora of 
dark beom m>ots or aosplata blaaohlng of tha laavas* Hovavar* 
old naadlas of apruaa baooaa blao^ vhUa youngar onas torn 
raddish y«llov« ?ruit blcslshaa say ^m davelop* .*onsistad of 
brovnlsh to bla^ laslons end gcoaral Ivoiitilng and softening 
of tha paaahf banana and onion* ProBinant* ^^Uy» dair>.flnad 
lantioflls on appla and paas aay also odaur. In addition to 
flcuaoniat o&Qoniua ions h&va also baan raportad to aausa in '^ury 
and dasaribad as marginal ahlorosis and «3urling of laaf adgas 
(Hfttsnaoto at &!•• 1071) • 
It i s baiiavad that eamonia affaats tha parmaablllty of 
tha oalls and thust oausas injury* This faat has hem 
doBonstvatad ty ^inas & Wadding (1960)* \ i^ obsarvad Y^ mt 
SBsaonia aausod losi in anthooyanin vhsn root disos of gardan 
beets vara plaoed in a bathing aadiua under the influanoe of 
ttja pollutant* It i s r^orted by Puritah ^ Bartsor (3967) that 
after getting into the laavest annonia ruptures the ohloroplast 
Betnbrane and oausas the ohlorophyll to disperse in the aytoplnsm* 
vhiah later on gets daaagad* Ihe l o ^ in chlorophyll in the 
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trtatod leaves of toeato hag been estiaiRted about 90^ ooupled 
wltti 30% reduotlon In the pate of photoaynthesis. An eeafly 
report of Qlbbs & Cialo (1059) reveals mari^ ed reduation In 
photofiynthetia rr,te oaused bgr aciaonluci ions in isolated 
ohloropl&st of spin&(^ « lahiMtlon of (^oropXast .:;:'.thesis 
duo to affimoniuQ ions have been reported in the reoent past 
bgr Bari:^ et «!• (1970}t vhile C^QT were wox'^ wing an <3uauiaber 
seeds* 
HatsuE»to (3969) reported that the aaatssulntlon of 
glu«>8e end UfiPQ in ouaiaaber leaves had taien pla^ se dui^ 'ing 
aiaaonia texloity ooi^led vith loss in starah content r^ nd 
thereforet i t wns postulated thet one of the raaln injury path-
vey i s the bloicage of starch synthesitt beo^use the activity 
of staroh aynl^atase in injured leaves deoreased then the 
normal ones. Signiflaantly inoreased aativity of severnl 
enaymes e^ g* maltose defaydrogenaset suaaenate d i^ydi^ ogonaset 
gluteciate dehydrogenaset 3yto«3hrame»a«oxidaso and adenot^i* 
phosphatase has been reported due to ammonia, uhloh ina^ - aause 
severe domage to the plants (Mat^ saoto et ai,» 3071) • 
ieduotlon in respiration rates due to ansnionia has been 
evidently provod \sy Vines <Sc . edding (1969)* Ihey reported 
that treataont of e3C3i3ed barley roots asnd sugar beets with 
aqtious SQiaoniat reduced respiration rates about 23:l« Hx^^e 
are saverel reports foauidliis light on respirration disorder due 
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to (•monlA* 
Siegal & Qltnarro (2966) reported iBhlMtloii effeat of 
aouzDRia (fio^ tor voXueid ia air) on the gemination of ^rious 
seeds of plants belonging to difftt^ent feallies e^ s follow t 
1« Qrasinae (i^eeti riae» rye) 
Z* LeguDinosae (teen ond pee) 
3* Coi&positae (lettuoe end suninover) 
Am Oruaiferae (oabbage ^xA radish) 
6« Labiates (raintt sage and ooleus). 
Alliua seeds are uol<|(ie in this re$i»eat sinoe thigr 
gersdnate in the presenae of aisaonia or better to say that 
amaonia fails to inhlMt gerolnatlon of seeds ooiapleteiy 
(oiegal St liaayf 3I9€6)« aie effect of nuaonia on the early 
growth of eom L4AA SSSU0 ^ * ^^®^ studied by Oolllver & wtdeh 
(297D)t vho obswsd ti!iat early growth was suppressed* seedling 
root deveiopetent was inhibited* end the priaary stSD was 
SBtallQ? in height than noraal sase* 
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Ih« growth of vDody plants Involves adclitian oi ti«iu«f 
to the v«ig«tcttive and repro4uativ« struoturei through aaail 
dlTlsiona. In tvoploal rxg vttix at t«Btp«?&te t?«es* grovth 
taises pX^99 in two dlstinot ways !•«• th« g^wth of shoots In 
isngth (IztsQsion grovth) and growth of twigst tonnahest and 
trtaniss in oirouafsirsnae (^i^iax growth) She ovtr al l growth 
of the plants oonsists of several seqaentlal phases suoh as 
oell dlTlsionf eiongatton and saturation. Generally i t i s 
believed that the growth of a troe as a whole i s exseedingl 
intermittsnt whether oonsidored for oany yearst within a year* 
or even wi^tin a dssr (Ko^low^sif 3071) • The growth of tenpwate 
trees fluatttates aoQually fsoa a state of deep^seatec} winter 
donaanoy to a state of aative aeristfloatio nativity Juing the 
growing season. However, in s^ntrastf tropijal trees sl^w 
growth in intormitteat w^ v^es in the gro%ring seagont \^is)h 
ooottpies Qoi^ e or loss a great«p part of the year. In al l Uie 
woody trees whether th€Q^  are teiaperate or tropical* extension 
growth ta^es plaoe by the notivity of the teroinal buds* situated 
at he tips of shoots while radial growth results by the 
aotivity of oaabiua* 
Extension growth i s es^ressed in terms of #i ot elonga^ 
tlon» xhe elongation of the shoots starts only at their terMnal 
ends 1^ the activity of many growing poincs appesi-lng at their 
rips in the growing a© eon, Saoh apiaal growing point aonsiats 
3S 
o£ a amttaaj^ pXaood group of Q3ri«tee»tid aellt jslled as 
ftploei »e?iataa vhiah pi"Q4ua«s aev«r&a i«ef prico^dla on ita 
8i(3« in adjfapetal saoaasaioQ. Both tb« api(3&X Bdriataci en^ 
loeif prim>¥^& ar« ooXleatLvaly 30,1 Xad aa ft bad* Iha apical 
mfflrlataci <i«v«lops I«Bf prlaordia without the (Uffereotlstlon 
of intflenodoa (Boaiii 39^)« B9if«vtf» lat«r on differontiatioii 
of lntarno4«8 t^ 4£«8 pX&ae »id thai? tfloagatloQ result a m ahoot 
extanalofi* Dila 4iifVffIor>maQt aauasa @n upvurJ projestlon of tha 
s i^aaX bud along v i ^ tho asstended ahoot. 
i^ioal bud t 
Iha aatura bud la a t^aaoopad 8hoot» or part 0^  a shoot* 
baorisg &t tha tip an 8pi(^ aeriatoa fron itfhioh i t ia origi* 
natad* B^ <^  bud oonsiata of a ocntrally placed aoiaal aariatae 
i^ tLoh produoaa a nuQb^ of laaf priaordia on i ta aid^a* During 
the paatf muah int@reat haa bean aho^ regarding the organiaft* 
tlon end atruotat*e of apioal aeriatem, Ihe surf&ae aeUa of 
oany en^iperia apiaea form a diatinat layer aa tha^ divide only 
antiaXi&elly (p«rp«ndiaular ts the aorfaoe}. Ihe group of oells 
presaot baHov the ^jrfnae layer uR<Mrgoea sell diviaionP-^ 
periaUnal (parallel to the surface}* aQtiolinait ^d oMJ.<|ue 
plenea* IMa idud of errangaoont of sella in apisal Qoristae 
fita the timiaa*oarpua theory of ^ohmidt (30S4}» vho tersed 
outer layer • • tonlcsn and inner layer aa aarpus* ihrt n aabor 01 
tunieti leyara i s reported to fazy from one to fiTe« but in most 
of the apoaiea tr^ o layered tuniaa ia found (v^ ioweat ld6lf 
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Joab«r3«p» 196^ and Qittot^ ak Oorgoat 297^* Bov«v«r« oa« 
lajrared tooloa hag alfo hem x'eportedl In tevoral plants e,g« 
BoBbaz (Jateion & Iblbert* 29€o)f GXaaatis (£^f«r, I960)i 
Sitptoortla aiMiriirolia ({^ lah & Janit 3d^» •oaa nvabera of 
Halvaaaaa (IbXbart A Jotiti«on« 2d66)» and Qi»v. (Khan» 1077) • 
tSha aisa of aploal ae^istiD m^ien graatly vlldi tha aga 
and deir«lopa«t of tha plants* It i s aialXar in tha mtbtfou 
and aolttrgas gradually vlth tha e^ge of tha plants (Koalov#dL» 
197lf and IChant 1977) • saa»3nax ahangas In tho si^a of apioai 
D«rltt«a ooouTf vhlah i s found to ba lav gap in aatLva shoots 
than in tha donsfleit onas* 
!Zha pat tarn of o^ansion gjrov^ ia quita oo&plax and 
varias graatly m difforant planta* 3ha woody plants of twperata 
aona noraally and uaueUy ahov a singla pariod of Qztensi(»i 
gTovth In tarns of shoot aastanslon in ona growing saaaon and 
tharaljy fora only one "Flush Of ChPovth". iiowavart two flushes 
of grovth ara also found in fov spooiast but tha ronaati n of 
saoond flush of grov^ ig raportad to ba atxionaal (Koslovi^f 
1971}• Ouring vlntar saaaont In taoparata traas* tha aniaea 
buds raaain domant and rasuBia ^alr aotivity on the approaah 
of auBiaar (tha oroidng sMiaon of tacparata traas)^ resulting in 
^a extension of shoots in length* Zhis extension srovth 
Qonlinues far tvo to three oontha and then aaaaea beoouse of the 
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4orafiQ<qr oS i^iaal faudst whiah beooa^ aativd only in th« next 
grovlng s«Mon* Itie gzov^ of shoota in most of the ticq^wate 
tVM8 lnalud«f rapid «longation of intcmodet and tiBtaafion of 
leaves oontained in the vlnt«r*donsant bade, liovevert on the 
o^m handf in eoae apeoios the apiial buds ^so torm nev leaf 
{UPioordia in the eane g2*o¥ing eeaeon vith ilov elongation of 
interoodee* 
In oentvagt to the t«ap«?ate treest the grovt>h of tropioel 
trees i s very Intttpesting in the i^nse that thigr eiAilMt 
inteamittont grovth pattern* meaning hereby# that growth 
infolves reoorrentt growth vaves or "Flushes of Grovth** 
developing nore timn one in a growing season (Qesnunn» idsef 
.nndhavfi ^ Dingo.t 1947| CireenwDod St Potfiette* 1980| csooper* 
1967| Jhowdhary» 1968t MtiOt 1964f Ke4lovakl» 3364| ¥umift 
SdTSf and Khm* 1977) • 
Ihe first f l u ^ of growth in the ourrent growing seeiaon 
appears t^ the aotivity of terminal buds developing at the tips 
ai well as nt nodal regions of the past year shoots* Ihese budst 
tor their nativity give rise to leaf bearing shoots termed a« 
iGsmas shoots* On the lassas shoots* by the activity of 
aidUery buds developing in the asUs of leaves* two to seven 
latemea leaf bearing shoots also develop in aoropetal mann«* 
Ihese lateral ^loots are aaUed ae preleptio shoots* eaoh 
bearing a t^nainel bud at i t s tip* After two or three i»>n^s 
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the Xaagth«Qlng of tdie laamas ahoota aeasM b«K3auae tholr 
terminal bads beooae dormant. !Ehe grovth of proXeptLo ahoota» 
hovtver» oontmuea a l i t t l e longer* sometimes exoeedlng the 
primary leader ahoot and finally atop a due to the dormanay of 
their terminal buds, Tlila entire neiOy formed masa of leafy 
ahoota la aalled aa flrat flush of grov^. After passing 
through a period of r^t of ti^ afee or four montha* dormant buds 
heoome aatlve at the tips of ahoota end produce aeoond fluah 
of gro¥ti2 above the first one* luo flushes of grovth haye been 
r^orted In several plants e.g. oltrua (Ceoper» 1057) and 
guava (Khant 1977). 
In broad leaved treea of India, the number of flushes of 
grovth rnngea between two to four aa reported by Ohovdhury (1958). 
Aooordlng to hlmt usually tvo flushes of grovtii are found In 
troploal treesf however, some treea may show up to four In the 
seme growing season. The first fluah of grovth qopeara In 
between February and April, the aeoond one appear a acmetlmea In 
July and August, v/hen there la third fluah of growth* It begins 
to s^peer In Oatober and fibvwber, with a fourth flush ooourrlng 
In Deoember or January. 
After the end of growing season the terminal buds of both 
the leader and lateral e^ots ^thw^ abort as i t ocours in most 
of the oaaea* or may beaoae dormant. In place of abort buds new 
bada develop while the dorment buda ^emaelvea beoome aotlve in 
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t^9 nest gsovlAg ao&acNa, me losa or absoitsloii of i^ ioot tips 
ta^«9 plaae ia a v«Il defined nonner, Firgt the young Xeevei 
etop ssovUkg mA t^e new leaf ppiaordie fel l to develop end 
then the eiioot tlpa torn yellov and abaoise from the haee of 
internode* Att€v the bud dropa off # a protective layer deveXope 
over the area of severanoe* Shla phenomenon of bud abs^sieaion 
haa be«a reported in tropioal treea (Koaiov^dLf SJ^ Tlf ^^ 
iChan» 3077) aa vitLl aa in a nwber of tae^serate treea (.^ o&bergert 
ld63| end MilUngtont 1063}« 
In al l the w>o^ planta inoXuding tropi(3«a n^d t«q;>erat« 
treeet the grovth in oiroiefercoee takea pl^ae by the r^^uvity 
of vtisatalar aatbiuB* vaaoular oambiun i s an lateral raeriatiSB 
that foraa the aooondery vasaulor tiaauea i . e . aeaondary iQrlaii 
end aeoondary phloen tsvarda i ta inner and outiv sidoat 
re^eativeiy. 
SttlMtBgi ag ggattUB I 
Vaaoular oaatsluBi ia a aeriateeiatia tiaaue aonaiating 
of tvo t^pes of oella vhioh are luionn aa fuaifona initials ^d 
rey initi8l8« 1!he fomer are elongated aella vlth te^ering 
ends or aore appropiataiy spindle ahaped» uhile the latt^v u-e 
aoall and nearly iaodieoetrio* Fuaifona initiaia give rise to 
al l oeUa of shiest and phloen that are a^ rranged longitudinaliyi 
forming longitudinal or ajclal ayaten of nylea and phloeei* i^e 
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asdax asrstora ot :i^eia ooatlstc at trBxthmsy eXfamtat fiberst 
an4 39X6D pftr0Dahoma« vhiXe that of the phlooQ inolodes il«Vd 
^^xieBtSi phlocn tlheaea fmd phlo«a per^oh^^* Iho ray imt ia l t 
on t^o other handt give jrise the se^ OflOIt i^ i^ldh ojfe the oXoaents 
of ttma^^99 iorsteB of bo^ aorlcn nd phlo«a» 
Zn t»iifflntir>l vittf the aavmkgmmt of a^tahl^ oella shows 
tm besla pattearast « d on the teglt of that the ORBMUB IS 
«lth«? ocaXed «a stratified or iMiftratlfled* In the foraer oaset 
tho fusifors aeXXs oaoor in horl4ont&l tiers v l ^ the ends of 
the aeiXs eppe^ing at i^prozinnteXy s^ e^ XeveX vhlXe in the 
Xatter oasot the fusiforo InitiaXs ere not arrciged in horisontaX 
tiers but their ends overXep one eno^er* Ihe nonstratifled 
tTpo of oembiuiB i s oonsidered to be phsrXXogenetit^ OXy oore 
prizsitive and fcimd in fossiX pteridophe^tesf fossiX end Xiving 
gyianosperms and in the struotureXSjr primitive didotyXedons* Ihe 
stTf^tLfied OflttbiugB on the other hssid» i s eonsidored to be advsnoed 
e 
and found in highXy i^eoiaxiaed diao^Xedons (Bai]^» 3933| Fiteit 
1^ 671 Ohottse & Yunus* 1£}72« X974f snd Qhouse et eX.f 207^ ) • 
Periodioliy of eottbim t 
As reg^ 'Tds the aativity of aesnbium in ti'opiaax treest 
Chovdhury (X969) was of the opinion that tiie oflnbiuB reeinins 
aative for najor p'^ t^ of the year i»e* 6 to 8 oontiis. ?etei (2^67) 
aXasslfied the pXf«ts of IsraeX on the basis of aaablRX aotivlty 
into foXXoning five eategories i 
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(1) First mteeory lti«3La4ef ifoQ<l^  ^««t«8 vhflre the oeaMum 
7«edns (kuRBeot for & long tiB« with the radlia growth 
iMiglimiiig h<it«»tn Sov«il>«r end DeoflBb«p« 
(2) 3«ooiid aat«80V3r inoXc^tf trees and ^irubi vh«ro the a«abisX 
aatlvltsr initlatefl betve«i Maroh end Hesr* 
(3) In this aate^ory only thrabs eofo inoluded where the crrovth 
rings devs&op in Felwuery* 
(4) Zt InaXndes fev trees nhere e^Mel eativitl^ begins in 
Aagast and septCBbcr* 
(5) Fitth eategory inelttdee trees where o^biai aotivitjr end 
wood foraation takes pXaoe through out the year* 
In ^e tropiosl trees the aetivity ot eoabiiai starts in 
spring season after passing winter i,e« the paiPlod of rest* 
Fornatlon of aeeondary tiesne i 
bhen the aeabitsB starts i t s aotlvit^rt e^oondary sorXen «id 
seeondary phloem are prodaaed by tangential divisions (perielinal) 
oi onabial initials* Ihe v^aoicCL^r tis^ttes are l«»ia do%n in two 
opposite direatLotts i«e* seeondary xtX^ eells towards t^e inner 
and seeondary phlo«i eeXls towards the outer periphery* During 
early stages the derivi^tivea of saMbitaB i*e* seaond'^ ry ayidn 
and seoondary phlosaif are avenged in radial rows on i t s either 
sides* Bowevert imoh en arrengecent does not persist for a long 
9S 
time and g«t8 41ct«rb«d l^ t^eif on due to the diff erflotiatioti of 
VQioiilar oleoflota* 
It ^9 beea reported that the oiohluB outa oi'> seaood^ry 
:Q^ X«2I find phloea bat their produotion odouva in differ ant perloda» 
former uaaelly preoedea the latter (BUiottt 3939| Fife^amtt ]^63| 
Bflnnan* IP36| Yumuit ]97@t t ^ Khan* |077) in different tropioax 
plants* Xhe reports on phloam prodaetion preeedlng to iffXm 
formetion ere elm fotnd in i^e literature (Knudaon» 39i3f 
CoelcerhaBt 29d0| Ba«u» 1^43) Alfi«Pi St Kfertf 2068| aevia & Bvertt 
39701 and Z.aeirte»nt 2^ 72) • 
In tome of ^ e difftiae povoae wodsr diaotarlea»na e*i« Aeaaf 
nemndo» P3 i^^  m^aa* and isa^HM Iffimlflt^f (i^via & Bveirtt 
3^3 | isoeker & BYertf 3969| end Sv@rt» li63)» th@ formation md 
differaneiation of aeeondery aQflam and aeeondary phloam b^ve 
been reported to t^^e plaoe Mnsltaneoualy* 
m»ktmjsi BsiiWBBi sxasBssiQK jgrp umti oaoviH 
Htmf tidfta a oloae rd&ationahip betveoi the e^ rtenaion 
growth end radial grovth* Ohovdhury (^53) atodied the ooiirelation 
betveen extenaion and radial grovthe in f ^  broed leaved planta 
of India and found that " aa e rule tlie exteaion growth preeedes 
the radial ones t^ two veaks to three months "• Paliv^4. ^ 
Praaadf(a07O)» :teo (3d72}> Ximua (1J&7®) and Khan (1977) hnve 
Glm atudied the relationahip betveen the dxtension nnd radial 
growths in aome tropiaal trees e.g* Hyree* Daibergia ij^iigtt a»d 
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Pal4iuBif en4 tih^U findlnga ^ e in (mntomlty vlth those of 
Ohovdhuify (]d68)« MX of thtc reported that 7^4iaX grovth 
bogine in the tpopioal treeat tvo of throe vooLis after the 
initiation of extension growth* Bovevee^theat infom&tiong 
differ eonsid«ratly from thoge reported in ti^ oet of llarope 
ond Ibr^ Aiaeriaa» where i t tms been i'^}orted thPt the r^dira 
and extension growths taii« pl&ae simuX^ i^eously (PristXay* 1932). 
In oany diootyltdons ^ e oaabial aotivity begins boneath 
the eeiergiAg new shoots ^d spreads fr<^ here basipeteaiy 
towisrds sBin bvanohesf truni:s» cmd roots (Bsetit 2965)• It has 
bean reoorted by KOJSIOWI^ (3d7i) that 1:y the ext«islon growth 
sona prodaats etf i^nthesisedt eapaoielXy aarbohydrates "^ d 
growth regulatory l^naonest in the laav«s s>nd be3«>ase of the 
basipatal flow of t^taa subfltr^ naes sasbieX activity starts In 
the twigs than in the bronzes cmd finally in the truaics of 
the trees* Beoause of this pheoonenon no oase h-^ s so far been 
reported in the literature where the rr^dlai growtb precedes 
the extmsion growth* 
i3i« protam of tffoe grov^ in rtilation to air poUuUoti 
itdU be t i d i e d Qna«r th« foZloving plaa of «or:<» whl^ iQ<3Xud*s 
three oBdn aapeata t 
A* 1!i« «ff«at damftd t^ air poUuteinti OR tiie •xtsnslem 
grovth ot %im seleated ti^eea, 
B« m« •zt«nt to i ^ s h th« polXttt«a air affeats ^ « radial 
geovth of th« •tiL«9ted traas* 
v#« afllationship batwam axtaosion growth and ooisbiea 
aat iv i ty under noraal and poXlatioa strasaad doaditloQi, 
(A) a» study the first aapaot tha folXoving dataiXs 
v i l l ba reoordad i 
( i) £lBia of bud bttrstins 
( i i ) Duration of laaf foraatioa 
( i i i ) Soratioa of iaaf pvsistaoaa 
(IT) llBSf Ooratioii and aoda of laaf fall 
(v) Bftte of i^ ioot iiloiigation 
(«l) lisia and doratiQii of flovaring and fruiting 
(9li> Doratloa of fruit p«rsis<»»oa« 
(B) 3b s t i : ^ t^ iS saaond aiig;»a4tt ^ « int iat ion and 
aassation of ^sabisl a a t l i l t y w i l l ba obsarvad and 
raaordad on the basis of XS I^QB and phloem produdtion 
in tha sfd^aotaoi spaolas a t both polluted end nomal 
s i t e s i*a* Kasiqpur sad AUgavh Uniiyersi^ Cec^us 
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(0) ib atuOy thd third aspost* daily record or 
adtfirlologiMa faatora fluoh a« toll and air t«i9^atar«i 
•oil huBiditQTt a<ilatLva hmidity of (ho atsaosphei^ a and 
rain fe l l idixi b« reoordad at both the talaoted aitat. 
2ha rtiationahip hatvaan tha eztanslon ^oA radial 
gpovthf vith ragardi to tha enviroomaQtai faotora wUX 
ba vorkad outf undar noraai and pollutad aooditioag, 
ib atudy tha affaot of air pollution aausad toor aoail 
burning at Kagia^ imr IhmmeCL Povar $taticm and ita aarrotndinga 
haa bans si&aotad a« tha aita of invaatigation and tha 
Univ«raits' Otc^aat vtU.oh la praaunably fraa fros auoh air 
pellntion wuld ba traatad as tha sita of control* 
KaalB^ur ia situatad in tha HortlwBaat of All gar h aity 
at a distanaa of about sixtaan kilcaatari* Iha Xharaal Povar 
Oonplaz ia situatad on a aaav land on tha bank of an irrigation 
oanaX. Iha oanal runs in va«t»laat diraation and ir:*igataa 
tha oultlmtad fi«ilda« in thig araa aainXy bajra, florghum» 
oaiae and Qaiqnaa ara aoltivatad in addition to sugar aana* 
Ihe araa surrounding tha Pow» Station ho^ Oly boars a faw wild 
traas sact as Aoaoia end Proyoifa and a faw aulUvatod onas 
^^® ^^ angifaga> i)a]|,l^^ia and MMS&M* -^«eatiyt a faw 
omaaentai traas Xiiia MS2l2« ifiMakS lUMSb* ^Q^r^W^> 
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Bttah<nift> aagggyp^it Amaaia, end Hp3j»pt<lia have been 
IntrodQdod in and around the Ihormal Povar station • 
* JnMSEZiSMBLJHbMJHtSn^^ * 
For tha preaant 8tuiy» tv^ oultlvatad apaaiaa naaaly 
M*ffl4T £ffitiLi ^^ ^^gjqn jg^UliL hava been aalaotad 
slnaa thior are found In fairly good numbara In end 
around the Povar station aa vail aa at tiia unlvaralty 
CaB^ aa* Sba aalaotad traea at the polluted aita are 
about 30 year a old and graving at difl'ar«it diatrmoaa 
from the faatory* In allt tvanlar traea have bean 
aala^ted at the rate of five from eadi direotian for 
aaoh apeoiaa* Sraea of aiiallar aga have bean s^aotad 
at the Univairaity Caai^ ua aarvlng aa control. Out of the 
two aileotad traea • i?Bloni3e ragja ia daoiduoua while 
yaygjua ounioi ia evwr graan* Xha botany of these 
treea ia given balov t 
I^^H^^if gftgia t 
Family t Caaaalpinoideaa 
It ia medium to lerge deaiducua floverlng tree about 
12»2S metera ^ ^ « 2^ e laavea of this tree are blpinnately 
oc»i^ und with ov^l oblong leaflets* i^lovera develop in 
branched raoame, Calyx tube ia flashy and appears 
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703LljOvi3h gPfion on outfit ^ and wd^ah tvon inside* 
Fitre pfttaXs 6»e fowd in a fXov«r» out of vbioh posterior 
one i s yolloviiih \^te with rod blotohes cod st?ip3t vhilo 
other are oronge* atansns «re ten in nuaber* FiXflii«nts 
of •taaens ere hairy at tiM base and rediish in uppe? half* 
limits are 40 to 70 «a long* fXat eni pendulous. Ihsy 
are is>o^ in nature having ^ %> 40 seeds poi? plant vlth 
partitions in between then* 
ajftribiitioii t 
Das plant i s indigonoiis to n» islands of Madagasear 
and found prtietieaUy al l over the India in tropieal snd 
subtropiaal plains* 
I 
Zt i s a highly omenental tree» largely oultiwtted on 
road sides* in gardens and banglovs* Ihe leaves are used 
as purgative mA also used in rhematiffi* Hhe infusion 
of flovers i s presoribed in bronehitist asth«Ba and 
salaria fever* 
Fmily t Hyr taeeae 
It i s large to aediua si^ed tree about i;^  to ao oeters 
t o n , Biffi£ of the tree appears to be light gray to broisi* 
The leaves of the plant are bvoadt ov^l or obvate. Petiole 
i s grooved md 1*5 « 8«S em long* Flowers develop in 
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3»9hot&iaotta <?y»o»t aoi blned Into panlssles. Calyx tab© 
i t 4*6 na long end tvurMnat*. P«talt are usually fiv«| 
ortm^ vitltttf gland dotted and oalyptrat*. 3tflB«g »r9 
atai«rous and 8«0*7*S m long* Antliwg a?« gland tli»p«d 
Fiulta HM b«wy» 2,6i^*0 an loAgt *Ughtl> ourved and 
beooi&e deep purple to biaak in oolour vhen ripe, 
Qittgibntion I 
2he original hoae of thit i^eeiea ie oontidered tD be 
India or Eemt Indies* In India* i t i s £ot»d growing wild 
ae veil tm under dUltlvation* In ^o orehards* the tree 
i s Bostly planted along the avenuei or as vim brMicw on 
the bouBdries* i t ia gre%n all over India fron the Indo* 
Qengetio plains* Ihe tree i s also found growing in l o w 
ranges of maalayai* 
I 
Ihe plants are oultifated for i t s edible fr i t s* £^be 
fruits end seeds ere good for the people suffering fron 
diabetes* 33)o juiae of leaves i s given in dysentery* 
t^ady of <B|flnff^ <*n jggnmih t 
3b study the extansion growth at nora^a and polluted sites* 
fortsr ourrsnt year shoots will be ta^ed in eaoh tree at the rate 
of ten in ea^ direotion* the aboot gi*ovtii in terms of i t s 
langtii will be reoorded at weelOy interv^as* She initiation end 
oessation of shoot sdongaUon ^'^^ ^ «bi«rved toga^er witti th© 
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re.te of g^ r^th through out the yoav« for thr«» ooiit«<9i«it ye«ra« 
Ihe dov&tlon of Itsf fallt nw ImX fonMktion» ItaX p«gttt8iMef 
flovtriagf tvttitliigf flo«d a«ttiiig cod fruit pttrglgtaB9« mil 
6180 b« r«oord«d at both ^e 8it«t« ^toot splays HLU alto bt 
oolleatod fron all ^o giloatod tr«of at vackly intarv^at to 
rooord the ryttedo aativitgr of tha apio^ ttarlatoi* In aaoh 
torn of oollaatloii ton opioea froa a^ oh trae v i l l ba oollaatad* 
iu SQlltflttQa ftt aateinl t 
3o atudy tha radldl grov^ In the aalaated tree i^aaias 
gronmg at l»th tha ailaatad altaa* 2*6 am bioas^ a of 
trtuQis notarial tDg^ t^iMV vith aoae mp wood mA QtmtAxm 
Hill be tflkaa out from tha ailLaated traaa* in a&eh torn 
of oollaetiofi three traai of eaeh ipeales will be used* 
Sie sanplas vUl be obl^ inad froa the aoln trunks of the 
treat appvosdlBateajr at ohatt height* 
All ^a axsiaad blo^ca will be fixed on tite epot in 
F.A.A* <Fomaliiweeeto»fllaohol) and will be aapirated for 
free aeoaaa of the fixing flnid into the tissue aorttOB 
after reeohing the laboratory* Ihe aaiaplea vUl be slloved 
to rooain in thQ fixatiTe for atle^at five days and than 
mi l be transferred into 70^ etiiaiiol and aljoglyoerol 
Biztora {90% athyla elaohol^ 6o^ glyaerol in eqsaal TK>luBie) 
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tor pf99»imt3b»n mA 8oft«ilfig rei^Mtsiv«^* 
Q|0 f ix9d iSB^les of ^o B&terial vLll. be vmlitd 
ttoougtOy Sa vunoing vatcr b«rov« ••otLonlng, Xhtt 
ie«tioiilitg of the a^^terlal ullX be done on a a«tah«vt*a 
sliding miairot(»ie ftt tiie thi^meas of 10»12 u in t r t fuwi t f 
vrf4ica eoa tengentiia plains* 
She seottons v i l l be gtainea in (!iff event stains 
depwding on the study of ^ e strua^if e» 
(i) lb study the Qsabial straetojret the seotions will ^ 
sheeted «hioh are pcissing through the awbisl aone and 
will be stained vith Sannia aaid«F«ifia ablovide aa foUavi 
1' gaqtions in 60^ alaohol and af tarvards in aloohol saPies 
aol eloohol 30% aloohol 
i J 
Waiaap W i ^ n g in vate? and study 
I under aiapo80ot>e 
I I 
Xannia aoid (3D Hin») Fa? i s jhlo.-ide {2mB i i in,) 
I I 
A thorough washing 
in water 1 Ibis aoabin^tion stains a l l the prinary valla aa 
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txrovnli^ tsla^* 
(11) lb stady tiM ^ l e a p£o<to«tloii tiaie treosMtioaa v U l 
b« stalttodi idtdi X7on»alutt Haflnotozyun and Blauiaic teotcv^ 
(a) Tlilrt^nhBln*! Tmn RmanteiiirUB Md mjwfflgn timm 
(JohflnsoQf 1940) 
wa 
9«otlon« In 80^ aloohoX 
I 
sol aXooliol 
L 
1 , 
Iron aXXoB (5 Mln«) 
I 
vaahlng with dltt*iiat«r 
I (3 tinea) 
I 
Hel4«Qhiiln* • Ha«BotoX7lln 
I 
I 
HioovaX of •xoofS a tain 
Ijsr Iron iQLlun (3i»2 Mln.) 
3 vajhlng vlth v&tcr 
30^ eloohol 
I 
Bl«uri: Broun (2^2 Brt.) 
I 
Canada baXsum & 
aovar glass 
I 
]Qrlene III (Pura ]QrIflQe) 
I 
I 
xyiana II (Clova o i l 
<«• xyiana) j. JQrlana I (Aba. aloo* 
Clove o i l 
• JQrlana) 
Carbol ^lana } 
Absolute aloohol 
I I 
90^ aloohol 
1 
70% aloohol 
I 
50^ aloohol 
I 
Washing v i ^ 80% 
aloohol 
I 
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Cb) Hatrttinhitln'ii irm WMmtnmiu mA sifffinint 
Ihia oomblnatlon of gtalna i s having th« aam« shedme 
as the previous one except the differenee that the 
Bifliark apom l e replaaed bgr safraoin for UJ2 hourg 
after the treatment with 50^ aloohoX, 
In the above two staining metiiiodst Safranln and 
Bioaark brovn etain lignified veils at red and browi 
reapeatlvely* Hasnotozjlin will stain the oytopla^a 
&s gray and middle leaeUa as blaok* 
( i l l ) lb study ^ e phloem produatLont seations Hill be 
stained vith lannio aoidiiFerria ehloride and Leeaoid* 
mnnlfl inlffafirrtg atoorniitTii«ol<l ttnin <^^Mdi* •^  ^ ^^ 
1053) 
sefltions iQ 50% eiooboi 
30^ aloohol 
I 
wajfceir 
Zieuonio aoid (6»30 Kin.) 
3»yai^ iing vith disttvater 
SodiUD hydrogen aerbonate 
iiLt»% aloohol OO MinJ 
LaoBoid (13»1S hours) 
I 
I I 
Canada balsum & 
Coyer glass 
m«3e III 
}Qrlene II 
mene I 
Gaabol Xylene 
Abflolute aloohol 
go | al(3ohol (2*3 Mln.) 
7D| aloohol (3*3 Min.) 
Sodium S^drogen 
Carbonate (fev seo«) ^ 1 
LMBoid i s useful fo7 oallose deteetion. It stains 
oallose and lignified es l ls blue. 
In th« saoUons of ttm ooUeot«d f»t«i*l^x» i t la very 
dif^iault to atudjr the atruoture of JQTIQB end ph2ofln al«ianta 
ac a ^ l^ola t»tlL and unXeaa thtgr are mt aoiapiataiy aaparatad. 
Qia pro9998 of separation of vaajtaar axanent la a«^e<l at 
aaaaration. 
<a) iawgittnn at Mnm t 
a^aantlyt Ohouaa at aai« (1974) anolvad a alapXa 
taoholqaa to obtain tha siava toba alaeanta end fibraa 
in naoaratad oonditionat to 8ta<lsr thair aorphologloal 
and hiatoXogiaal imriationa in tha diff arant atagaa of 
their funationaj. period* Tha aos^lata pr ioadure 
foXlova aa i»dar« 
th9 fisipd matarioX ia vnatad for five ninutaa vith 
top water nnd t^ an thin ilioai in tengantit^ plane are 
aa4a of i t , iha aliaaa are than treated with 5^ RaDB 
eolation for 3mS day a at 43»IS0^ Ct to aoften ^ e tiaaues* 
After 72 hour a thior are tranafiff^ad to fi'eab HsOH 
•oXution of aoae ^naentration. Periodiaal jhes^nga 
are oaae to i^nov tha aondition of the aliaes, IreatQant 
ia oonUnued t i l l the oeila of tha aliaea are suf ^ialontly 
looae to allov the separation of the individual alaraflntg 
on a glidet vhcn a alight pfwrnip^ ia applied over the 
oovaralip aftaar nountlng* 
when the deaired ataga ia rea^hedt the sliaea nre 
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vaghol m^ fteia«4 in 1$ wiaoat aolutton of LaoBold for 
ia»9A hours to9 tUtm tabe taaaenttt and th«i noimted 
in (10^  gly^mtiXM OJP 4«fasr^ &t«d and noant«d with o«n«te 
balgam« 01999 tub« ^«Mnt0 ar« ttnined bXuo* 
For the atuAy of fib«f•# Htm Bi&9Wftt«d «a.ci&«nttt 
ftf tir vaghing vith iiAt«r» «r« ttfiined vith pot««siuB 
p«na&gQ)ftt« aolatlon end th«) aounttd in do^ glyoarino 
or dohsrdrated and oonntod in Canada balstm* Fibara art 
•taiaed ag dan: taue. 
(b) Hftggattnn nt Mm 
For tha naoaration of iQ^ce ia.«i«fit tha alisas of 
aateriaX out in tranavaraa tangantial or radial 
tangmuax pXacea ^9 traatad vith 40J( BaDg U l l tha 
fl3,flBi«nt8 get fflparatads 1!h«i tha msaaratad elaaontt 
ara vaahad therou#)ly with diatiUad watar and atainad 
with aafranin and oountad with 50^ giyatrina or 
datagrdratad and noun tad in Canada beXmiB* 
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It i» a Qixtoft of thre« ahsolaaXa !«•• gLaaiel aooUo 
aoldt fon»lia and •thyX eloobol in following manner t 
Btlisn ttXcntaol (aojO • 90 oa 
C^eaial aa«tla ftold • 5 oa 
ForsfOin * 5 00 
( b ) ^atwi^y<i«pa!^ 
Ihi9 znlxtoro Is oompfiiot ot tlio following propor* 
tlont of glya«Pino o^A •thjple eloohol t 
CLyofrino (50^ • 80 00 
Bthyl aloohol (80^ « So oo 
(0) isnti aam (^irrtfl ntmmliaB tnlnteti) 
solution of iron alum i t prtpared in water ty 
dlitolvittg 2 0K of the dye in 100 «a of (Ustilled 
water* This solution i s used em nordant o^ o. fixer 
to the stain* 
1^ of the stain aon be prepared I37 diseolving 30 gn 
of hamatoxylin in JOO 00 of distillcsd water* 
(e) jftCcaoia 
^afranin solution san be made tgr dissolving 2*25 gm «« 
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of sQLfnmin In 225 00 of 96% saooitol frM a part of this 
atD<3k solution may be diluted with e<|aQ2. aoount of 
(UstlUed vstter* nAim needed for use. If this ssXutloc 
proves te be too strong It oan be further diluted tqr 
B0% aloohol* It stains Usilf led neUs red* 
(f) 
Die solution of tills stein oaa be prepai*ed fagr 
dlsiolvlng one gm of blanetrn bro«n In 200 oe of 70^ 
aleotaol* It stslns ttie eoUulose veils as bPoiA* 
(s) aatttHi hydiBgi flftplaniiiilt 
Iji solution of the ^ e will be prepared hf dlsolving 
1 0B of the stain in 200 ea of absolute aljobol* Ihls 
i s used as a sordait for LaoMoid* 
2^ solution of Z*a«oid oan be prepared by dissolving 
2 gD of Laoeuid in 300 oe of M •thyl oleohol. ihis 
i s ttsad as a aiaroohtBical reagsnt for aallose* 
<i) JStfttltiLJUEU 
Ihis solution oan be pr«pa?ed by dissolving 1 m of 
the tonnio aoid in lOO oo of vate?* ihis solution 
functions as an nordifflt for ferrio < i^lorid6« 
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(J) imxXi ghXnrl^ iB 
aolution of f«r.la ohXo l^de (3>0 aen be pi epm^ od \^ 
dissoX^Ung 3 0i of f orria ohloriao in 100 ao of 
diitUXed vat<v« 29Biini9 aold and far^ i^o chloride 
•tediig eOl th« priisery vails M teoteiah tlaaic. 
80(3 X«\tJ« AUoQt 3952« AtDoapb«rla pollution in the 
swn e^rofl^  pine tsQUght area* Xnd* Bog* Jhoa* 44i 1366*65• 
Ad«dipOf rUO«t a*B, Barr0tt« and D«?* Orooiidt ]d72« Ptayto« 
tDxLal^ and growth rosponst of omfnidntoX bedding 
plants to O3 and 3}2« J* lD«r« Soo, Hortl* 3al« 97t 
3CU4B* 
Alfierif F»J«t ^d ^^* Bvert» 1968* aeaaonal development of 
the eeaondazT phloeQ in pimie« its. J« Bbt» 55t 513»28« 
Allai3» A.I.f mid J.P* HolUet 3d78* Solphide InhiMtion of 
o:dda8«8 in rioe voots, Phytopatbol* 62t 634»39« 
Alixiaf ?• de Z«t 1964* a e^e growth periodioity in tropiadl 
Qllmatet* in "Ihe fomation of wood in forest trees". 
ed« i^Bnexmennt H«H« Aoed«aio Presst New Xork* 
*And«r8ont f'.K.t 1966* JLlr pollution d«^ge to vegetation in 
George Ibuit Idaho* H,s« Ihesist Univ« of Utah* 
^Andarson,; H«w,» 1B3U ProlAeDs on t^e^ to the peaah* i^ rsns* 
111* State horti* aoa* QBt 464»68« 
Appl^ata* H.G*, 0«F» AdeDSy and a*G« aarriUQr» 1960* Bffeot of 
adODUs fluoride aolution on respiration of intaat fauaii 
been saadllngs* Z, Inhibition end stimulatlQn of o^ orgao 
uptnlce* AEW J* Bot* 47i 339»45» 
Asot K,f ld06« On a stUaulating aation of sodiUQ fluoride on 
phaonerogens* Buil« OoU. Agr* lop* Univ.t ibkyo. 
7l 85*90* 
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e 
Boi^t 1*W,» 3023* Sie ciaaMma and i t s 4«?ivnti'9« Ussaea* X?* 
3!he iQQS'e&so in gi?th of tho oosblteu Am. J« 8b t* 
BaHaDfomOi l>*J»t 3073« ^]Xphlt« iahlMtlon of kW foraaUon 
in plant oitoahonavia, Phsrtodhfa* 22* iao7*9, 
BaansHf M«^ *» IdSS* ISio vaasnlnr aaiaMuB and radlaX grovth in 
JtialA MflUiflattiUA Xi« c«Ei« J* Bot* 331 xi^xas* 
Beskiv* A*V*9 D,N, Megmsffdf B* Hioduatmviilsai ^ 4 A* Baih» IdTO* 
AoBaoniuiB md gait inhibition of aoma plijrsiologijfil 
pro<30ss98 aaaooiatad %rith seed gflraination. PhysloX* 
Plant, S3i 898i>@07. 
Bafnesf ii«L«i 2d73* Bffoats of absonia ^Qwstxre to oaone on 
photoflum^esifl ^ ^ POspiraUon of pine, liivUon, 
PoUat* 3i 133»3S« 
Bfillt J«H«B,, and W«s« Cloa^t 1973« Otprtasion of yi^d in 
970 grass eacposod to sulptmr dioidda* llafeire (London), 
8411 47.»49« 
%«n«diot9 H«>l,f end y#Il, o^@n» 1036* Sie use of weeds ^ a 
aet^s of evaluating ir^etaUon daoage ofiused lay air 
pollution, PV03, ard, Nat, Air Pollution ^ r^s^ ,* 
pp, 177»190* 
• J.M, ^ s s t C3id :i,a, Wadet 1966, Some response of 
vegetation to atoiosphflipia fluoride, J, Air Pollut* 
Oontr, Asaoo, 23i S63-»d5, 
IS) 
'*)^ «Qn«tt« J,t 1969* BffMts of oaone o& l«ef aetateliffi* Ph.D. 
aiesist Univ* of Utah, 
> J.H«» and A,C, Hllit 2973* Abfl»rptlon of gaaeous air 
pollutants t^ a standardised plant oanopy* J. Air 
l^llut* Contr* Assoa* 23i a03i»6« 
..^......^ t J»P«t H.xi. aeah« and V«C« amaokles* 1074* Apparent 
stiBUlatlon of plant grov^ Iv elr pollntants, Oan. J, 
Bot« 53t d4.41« 
« and V.w, ^^mieaiaest 1977» 6ffoots of low Isvsls 
of o^ne on growth of Crlason and annuel rye grass* 
Crop Sol* 17t 443»45« 
B«fyy» C,a«9 2971* aslatlve sensitlvl^ of red ja<^ i and white 
pine seedlings to Osand m^ • Ptigrtopathol* Gli 23X-32* 
* and L«A« aippertont 3963* Osone a possible aauae 
of white pine oiergenoe tiptera* Ptaytopathol* 5B$8S2mS7» 
Biseoe* ?»!»§ M.il* Unsworn, and H«il« Pinolcnsgrt 1973« The 
eff eat of low eonoentration of sulphur dioxide on 
stDmatal behaviour in iH<rt« ^f^- Hew phytologist* 
72t 1290*ia06, 
*^eaadale» J«K,A,9 39G2« Air pollutioQ and plant growth in 
«3D0kales8 alr"» report in J« Perls* Adoln* IB* 30CU301 
(a»rti. abstia^t t 30M» Ho, 3084}* 
« 3062* Ateospherio pollution and plant growth* 
I^ ature* lB9t 37S*77* 
U l 
Bdteovt si»U9 2982« DM «ff«9t of mog on i^ flnmtNQr of oat 
XosfM* Pbgrtopft^ tol* 4 ^ SSSU63* 
- 2966» DM Xosf stanioturo of £BA JBUHIA vith 
obMTvation on it« «io« c«itltlvlt]f in Lot Angloo 
Cotsitry, AD« J» B»t* 42t 467»74« 
*BoX4rt A«» Q&4 B« Bbir«rt 3966* Obo«nr&tlon« gar lot doffott 
psow^ioi per lot ooi^etot fluorot to vaXait* g^v* 
aMMOdlo* 4t 43»48» 
Bbnn«rt J«t ^d S*G» wuasieat 284B* aEiiQn&atlo aoahsilffit in 
roflplraUon of «>inadii Xoovot* Aroh* of Bloahtn* 
301 497«6]8* 
BontOt J^ tt !•• £NiCo»ltt find F* Xrfm^ott 1077* InhiMUon In 
tnaoroMo oon41tlont of ttao alotinf rotation of ttooata 
of gfla.figflftniun in tlio pvottnoo of SDa* ftiYiron* PoXlnt* 
X2s 2a5.33« 
Bredonstfint G», tea H, aadoloff» 1984« on fluorine tfooice inju^ 
ebtOTptiott of fluorine I9 the berk of itosott and ita 
effeott* stonford aes* Ingt* pp« X»12*t Xrenilated froc 
the OerEutit 
Bvtnnwt B,t and P*K, Heiitlcyi ]970* aotponte of toft gratt 
OQltivart to oaone and suXphor dioxide in the 
atEio«»hare« Phrtopathol, 60t 2M4U46* 
* I«A. Loonet end P,M, Halitffy* 1969» :ie«»nse of 
forage Ic^unes to ojone fucdgation* Phytopnthol* 
59t 1468«^« 
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^ and A, £&ood8t 2070* iltiBiontt of t%9SL^ gvoio \mm 
MXtiveirs to «feDoipb«pia oad t^ents in Ncir Jtrry, PXent 
aifl. H«p. 60t 943«»45« 
BrtvaTf a«F,t F«B« OuiU«Mnt» end F^B, %th«nan4t 1966. Ih9 
•ffMt of alBoq^horla fluoriao on gXadlolus gfovthf 
nmierlngt mA oora ^o^otion. Proo* Aaer* ^ a , Horti, 
9ai. 8di eaUdft* 
> F»Ii, Stt^orlandt ^•B* guUUkttitt and a«K, CrovwUng* 
£B60« 90&0 of^o^ts of hydrogen floorIdo §»• on boaring 
noval orango trees* Proo. Ataer* Soa« Hortl* 3ai« 7St208»a4« 
BngLegr* E,a,» and W.w, Jonett 2980* 9oilptoar dioidde fwigaUon 
on vhetit v l ^ epeaiea rcferense to Ite efiest on yield* 
Plant Physiol* a6i eeemBu 
Bvody* H«\K«t end IUF« childePet ]9a9« Die effect of dilate 
l l ^ d l ioe nOftar i^eys on ^ e pho toagmthesis of q;>ple 
leaves* Proo* Aaei?* ^a* Horti* sei* dSi aD5»9* 
^Bashf A*F*» a*A* C3.etcrt J* £^eft « d 0* iiiohardst 2962* Die 
effeota of @na1ne osdianat on tiie ate»r>here wh«i anto* 
Doldles are e<|aipped vlth after borne?a* llniv* Calif* 
Oept* £tog* aap* no* 63»d3* 
Oapront 1^ .H*t and 7«i* HansfiaOLdf 2976* Inhibition of net 
photosomthesia in toiuito in air pellated v i ^ 210 it 1902. 
J* S9* Bot* 27t 133#»8a» 
*flpd ,t 1977* Inhibition of growtto in 
ttsaato tsy ai? polluted with nitmgen oxides. J* Bap* Bot* 
ast iia»3^« 
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^SSMngf C»V«« 107S« Ih« lnfluai9« of oacme en gmvth sod 
ritosD&fsl BHA In pinto hmn lffsv«s« Phytoohm, Utl3«7*fiO* 
r "^ '^  ^•^» thoopaont 3966, 811« of fluoride ftsawnla* 
tLon la novel ortinge It&ires, Plant Phsraiol, 41i 21V13* 
ahap)iilcar» s.B«» and M«a, Karbharlt ]d74« sulphur dioxide 
injury t» plants • aome e2q;>«rlm«ntt* aaofalos* It 141»42« 
Chwdlot 7.Z«ff s«H« Oiffords J7«t and K. Siant ld53« A gtaining 
oosMnation for phlocB « d ai»itlguout tlaia«t* stain 
^CholiiSt J«f 3052* 1!h0 nature of ataoopbarlo pollution in a 
RQBbar of induatrial aoaQunitias* Proa* and. Hat. Air 
PoUttt* ^mp* 3tsnford i^ea* Inat* I«oa Angalest Calif* 
CtetK^ Bmryt K^A.t 296B* Bs:taa3lon and raditi^ growth in troploal 
pcQ?dnnlal treoa. Pro3* OaOlhl Univ* seeiin* New oaihi* 
....^..^..^......^ t 1969* CsaMal activity in tai^eirata and 
tropiaea troos, XL* Int* Bot* Cong, Saattle* 
dovttat i^^ iUL.f 3d61« "i^ioal nariatcii*** Botani::fil l4onegraph 
V>1* 2ff Oxfordt BaaaknoU* pp* 217* 
*Jo<ii£«rh«t G*t 3030* Some obaervationa on aaaMel eutivlty «nd 
aeaaonal at^ah oontaota in ^roemre UaflBL 
rsoo* Leeda Phil* Lit, doe* as 64»dO* 
*OoUifert G.w*, and t»^* w^eht 2970* Siadaity of prepiant 
enhydroua enaonla to geraination and early grovth of 
eom I Field atudioa* Agron* J* d2t 34l»46* 
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JeopOTt ^•^•f 3057. PfiPiodliaity of ga?owth and donaancar ia 3itru»-
ft rdvi«w td.th seme obsei^mtions of conditions in the 
lover 3Sa Oraade V i^lley of Dftx^ s* J* iio Grande Valley 
Horti. 3oa. Ill 3.1D. 
«^ s9!i8Rn» K.F«t 3d90« citrus roots t Tk^Lr anatonyt oapotio 
pre9dure» and period!aity of growth* Palestine J* Bot* 
3t 3.41. 
CostonlSf A.C.t 107D* Aoate injury of ef^sti^ n white pine induaed 
l«r 8O2 and 03* Pfasrtop&thol* 6O1 994»99, 
.. i 197I0 B^feot of Qiablent sulphur dioadde and 
oaone on eastern white pine in a rurcd enviroraaent* 
Phortopathol. 61t 717*ao* 
,.* and W.A, Qlnalairt 1MB* Oaone injury to Pin»« 
fltgobaa^ J» Air Pollut* Ck>ntr« Aseoa* IBt 867«7;!» 
> and I » 107IO* telationshi'^s of 
atoospheria o^ne to needle blight of e&stern white pine, 
Pl^topnthal. 601 1366*74« 
OoiOinet D»Vi«t and i>«ii« Lookyert 3d76» Growth of pes^ ennicil rye 
grass ^Lniiiaa pugmne L.) exposed to a low oonjentrntion 
of sulphur dio3ddo« J. Exp* Bot* 27t 411»17* 
OurtiSf -•ii»t ond a,K* llowellf 1971* Increase in pm'osdda^ 
IsoensyQe aativity in beon leaves exposed to low doses 
of oaone* Pl^rtopathol. 6I1 130^7* 
I>aine3t ii*H*» I.A* LeonOf and *^ Brennant 2052* Ihe ei^ xoat on 
fluorine on plants aa determined by soil nutrition mid 
fUElgation studies*t in L*^ ;* ^oCebe ed* "Air Pollution" 
Haaratf»Ilill Book Oo* I^ ew lork* 
us 
.• ®n^  f 3960* Air PollutioQ 
at i t aff oats agriatilturo in Nov Jwwey, liw Jers«s^  
Agr« Bag;). Sta. Bon* 794l I4* 
Dan«y» B^F.i B.a* st«ph0O8f J»r* mdAtttoiit and P«L« lienttt 
20O9« Oaddttit pXent dasage from oaon*-oXefin rnation. 
Int* J* Air. PoXlut. Is 33&^2« 
OairlSff J*0.» and ii.F. Bvwtf 1070• s^ aaonaX oyaXe of phXDflD 
devolopaeat ia voo4y irinas* Bot* Oa^ * X32t xao-ldB« 
Da aonaiSf L*t 2968* Absorption and aosuDtHation of tho ataoa* 
pheirio fXuo?iae by the Xaa^ iea of soeio lierbaaaous pXants. 
Aim* PiiyaioX. \rag. 30t 243P«62« 
» J» GantueXf and J. Bontat X97I0. Abaorption and 
aootBsuXation of atooatphario fXucrina W aartaln 
horbaoaottfl pXanta* PoXXut. Ateos* X2t 209-76. 
da Ong» B.xi.» tB4Cm Injury to apri(3ot by fXuorina dftK>8ltaa. 
PtaQrtopathoX* aSt 469»7I# 
Divisiont A.H.t A.w* i^ andi ^id W.B. Battat X973« Maa8uir«3ont of 
atooiphario fXtaorida oonaentration in u?bon ai^ aaa* 
BnvlTon. PoXlat. 5t 23»33* 
*lk>broi»X*flQrit I*A*t and X.A. strikha» 2070* Study of Pbyto-
tosdoXty of aome oooponents of InduatrioX oir poXXution. 
Ukr. Bot. 4. 27i B40m4^ 
DDOoingaTf L.S.i and O.B. Sodiiicart 2070* Air poilution ond tlie 
ahXorotia dwarf diaaaae of aaatarn vhita pina. Forest 
33i* llSt 4S*5S* 
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*t)Drriest W«t 1932* Ul>^ die Brauohbepkalt d«r ipaatro^foplsohtn 
phaopt^tloprobe in der .ieu3h8<;^«i«wDlagnostlk« 4. 
Pflanaookrenkh, tt a«aiflnlnnd«t 42f S67.73. 
OuggWf W»M«, Jr.t J* Koulsolt Qod i»4« PaiD0r» 3^66 • Pfaoralologi-
cel and bdoaheciiaea e^foats of ateogphei'lo osldmsts on 
plents» J. AiP Pollut. ;;ontk Aasoa. 3jSt 487*71# 
r * W«D, iioed* aad Ul*. PQlm«r, 1963. 
Bffoat of porojoraao^le nitoat© on C ^ 2 f i c t i o n by 
apinaoh ahXorcplast ond pinto baan plants. Plant Pt^yaiol. 
aSi 4BBm72m 
,.,...,..,.,,...._^ « 0»G. Sissrlo7f E.A, Qardifff and v^ J.a. Ihorapaont 3j962. 
$tc»iatQl action in plants as rcaettoi to dooage f .""om 
photoohomioea oxidants. Plant Phs^siol, 37t 487-91. 
. .^ , and I.P« Ung, 3S?0. Air pollution o:ddants* Iheir 
tffeats on metatiolio proaessds in plants* Ann. .i^ ev. 
Plant Physiol. 21i 2]3»34* 
EUiottf J«H«t 2936« Seasonal ohonges in tiie devolo^ant of the 
phloSQ in syartoore UaflR BaflttdBialateBUa)» "'^ ^^ ^ Ld«3s. 
Phil. ^ a . aai. :^ 55.^7« 
Brioksont L.Ci.t ^ d .i.1!. yedding# 1066» Bffests of oaon&tod* 
hexsne on photosynthesis ?mA resairation of IiflBB& alfi&£ L* 
to. J. Bot. 43t da»d6, 
*Esattt ^•v 1943* Phlom struature in the grape vine nnd i t s 
soasoni^ atimiges. lUlgardia. ISt 217*96 • 
« I960* "AnatoBsy of seod plants". Joto Wileyt l^ ey iori:. 
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i ld6fi» "Plant AnatoiBor>*« John Vil«sr» H«w 2ork* 
iSvanst L«3*t ]d73« Bton l«ef growth rtfi^nse to Qo4«rat« ojone 
levtf.* mvlron« Pollut. 4t l?*a6« 
.......«,.,....^ i tfi4 P*M« Miller, 1072« GoBpsvatlvo aeedlo anatoiay 
end r^attve oaone sensitivity of four pine speoles* 
Can« J* Bot* 501 3067*71« 
« and I«P« Xlngf |074« Oaone eensitivity of leaves i 
atOLationship of leaf vater oontent* gas transfer 
resistSQoet and anatomical ^Kurasteristias* Am, J« Bot* 
61s S9a-97« 
Bvertf a,F,, 2963* Ihe oemtalUD and seasonal developQent of 
phloflD in Pv9u» ofiSJOa* ^« «^ ^ t * 60t 14d»89* 
Fabriaant* H«t and a*H, HaOlaant 1971* "Awards a delation 
Pover Polio3^* Eaergy, PolitLos & Pollution''* Oeorge 
Brasillert Hev York. 
Fahnt A«, 1967* **Plant Anato&or*** Perg«aian Press, Oxford, 
^snkhfittser, ii«, C. firunoldf and K*H, Sri«&snnf ld76. The 
InflQsnoe of satAethsl oonoantration of 802 ^^ norphologyt 
growth and produot yield cf du^ weed dioaa QiaoL I**) • 
Boologia (Ben,) . 33i 202^9* 
Feder, i^ r.A,, 1968* aeduotitm in totoieoo pollen germination nnd 
tube elongation Induoed by low levels of oaone. Soienoe. 
21S0I 1322»a«. 
. , 1970* Plant response to ohronia e:3po«ire of low 
levels of oxidant typ* eir pollution, i^viron. Pollut. 
It 73»79. 
^ etntf F, 30111 vwif 3969* Oaone t ^tprestlon of frond 
aultiplloation and florol produation In duok voea* 
Solenao (WeisMngton)« 3JS6t 3a73»74« 
Foateff« A«S*t 3934* Ihe use of teonlo aoid and iron ahlorld* 
for staining oAl walla of aariatcoatio tisauaa* stain 
Teohnol* 9i 9l»92» 
FragoTt OtiUf 1952* Initiation of a^isbial aotlvitsr in ao&a 
forast treas in Ontario* Boology* 33i 8S9»273« 
aardner» «r«0«i and D«P* Onaondf 1976* iaaponaa of ilogar begonia 
to oaone and sulphor dlojcida* Sol* ibrti* 5i 17]#i^ l« 
GantUat A«a«» V .^A* Fed«rt a«B* Itbungt and »^ Santwr* ]97l« 
Sasaeptibllity of urapnaapaiQt^  Qp^ to 9»na injury. 
J« Aaar, Soo* ilorti. 8ai« 96t 94»96» 
Ghouaat kJi,U»9 ond H» Yunna* 1978* An asesapla of atratified 
oeiabiuEi naong the indigccoaa tropiaal treea* Ourr* Sol* 
41i 569.7D* 
. f end .» 3974t* A new reoord on the ooour* 
anoe of atratified oamMun in the fcolly MlBoaaaeae. 
OaoMos* It SB* 
««««»««—_ f " P« Favooqalt and i)« Sahir» 1973* 
Ooourenoe of stratified aamhlum in l^e Indian tropioal 
flora. ]^ogl8de^ J« Qot* 2t 33»37ft 
» > « and « 1974. 
A simple aaaoration teol^iiciae for the aeparation of 
sieve elecients from the bark oi' woody plonts* c;urr« 
sol. 43t 4a4>aS» 
U9 
Gibbs» M.0 nna N, CalOf 19fl9« Faotors afiTodting light Induood 
flspUon of OOg 1:Q^  splnadh ofaHoroplast* Plant Physiol. 
dlt 33d-»23* 
QlOfldf A*a«» and B* ahristensfliit 1954* Bff eat of o<on« on 
orgeoisss. Physiol, <k>ol« 27t ]03#»aj5, 
Qiffordt £•!!•# Jr«» and Q*B, Jr Corioiit IdTl* The aboot apex in 
seed plants, BoU aev, 379 14d»229, 
Qlatev* a,B.« a.A, solbergf end F«M« Soott* ld62« A developaantol 
afaiOy of the leaves of Biahatiantk e^ntinn^ as related 
to their SBog sensiti^ty, Asi, J, Bot« 49t 954»70, 
GreenvDodf t^.t and A.F, Potftettet 1080* The growth flushes of 
Caoao, J* Horti* Gel. 85i 164»74« 
(tegaof i ,0 , , end J«w« ^dBk$ 1966, Fertiliser injury and i t s 
relationship to several previoudy desoribed disease of 
lettuoe. Phytopathol, 45t 4]jS*22, 
Qttderiont a,« and H, stra^unnt ]d68, Fsdlendversuohe sur 
eroittlang von sohvefsldosord nirkungw auf die vegetation, 
Forsshongbffip, landes llordrhein^v/estfalen, ulSi 7«102« 
Ba6igen»3Bit9 A,J,t 1988, Chveistry and pliysioloisr of Los Angeles 
ssog, Ifid, 2ng, OhSD, 44t ld43»48, 
« B,P, Oarliort M, 4aitUn» H. Hull, and i;. noble, 
3952, Investigation of injury to plants fJon air 
pollution in the Los Angeles Area, Plant Physiol* 
27t 3a»34, 
HeOceeD, .!•§ and 3. Anal, 3970• Morpho*(tytologiaal studies on the 
effect of Ha? solution on \«.aia faba, J,Bot«UAB,i;&9»27, 
1 ^ 
Hansont O^P,, end v;«3, Stewart* ]07O« Photo:!herai::€a oxldsntst 
Kffeot on gtaroh hydrolysis in leaves. Sciaciae 
(Washington) • WBt 1223»34« 
Horrlsony B.H.t ^<} ^^ A* Fed«rf 1074* Ultra struatural ahanges 
in poll«i e:q:>080d to O'Sone. Phyfopathoi, 64$ 237«a« 
Haaeahofff B«« and G, Lindeu* 1903* l>le Besahadigisig der 
vegetation duroh aonoh "Vir lags Ijurahhandlung Gebruder 
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